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LOGARITH  MS, 

Common  and  Logifiicaij , 

I  N 

T  H  E  O  R  Y  and  PRACTICE. 
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tic.  2.  By  the  Logarithmic  Curve,  3.  By  Dr.  Ha  l  l  e  y ’s 
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FACE. 


’SHO^  Logarithms  may  juftly  be  efieerdd 
the  principal  Invention  ^modern  Ages, 
on  account  of  their  excellent  and  moft 
extenhvc  Ufe  in  Mathematical  Literature,  yet 
it  may  vjith  equal  Truth  be  faid^  that  little 
more  is  known  of  them^  generally  fpeaking^ 
than  their  praftical  Ufe  mfome  Rules  of  com¬ 
mon  Arithmetic  and  trigonometrical  Calcula:- 
tions  i  [and  how  few  are  perfect  in  this  /) 
For  ( faith  the  great  Improver  of  this  Art^  the^ 
learned  ®r.  Halley)  I  find  ^jery  fiew  of 
thofe^  who  make  conflant  ufe  ^/'Logarithms, 
have  attain  d  an  adequate  Notion  of  them  > 
to  know  how  to  make  or  examine  them^  or 
to  under  ft  and  the  Extent  of  the  Ufe  of 
the^n:  cont editing  themf elves  with  theTz- 
bles  of  them^  as  they  find  them^  without 
darmg  to  queftion  them,  or  caring  to  know 
how  to  redify  them^  Jhould  they  be  fiound 
amifs  i  beings  I  fiuppofe^  under  the  Appre- 
henfion  of  Come  zreat  ^DUfcnlty  therein^ 
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For  the  fake  of  fuch  Ferfons  the  following 
Ti-eatife  is  fyincifally  intended s  wherein  they 
^ill  find  every  thing  neceff ary  relating  to  the 
Tteory  and  Prtrdice  of  this  admirable  Art. 

For^  as  to  the  Theory,  {the  principal  Part^ 
a?id  fo  very  rarely  .known)  I  have  exhibited 
all  the  Methods,  whereby  it  has  been  taught 
and^  explaind  by  the  Inventor,  and  feveral 
Improvers  thereof  fince  his  time  j  as  by  the 
Extradion  of  PJootSi  by  the  Logarithmic  Curve 
from  F)r.  Kcil ;  by  an  Infinite  Series^  from  T)r, 
Kallcy  i  by  the  Method  of  Vhxxions^  fromxMr. 
Ditton  i  by'  the  I-Iyperbola,/f6?.^  Mr,  Domky  i 
by  the  Equiangular  Spiral,  from  Halley,  Wallis, 
'efc.  by  the  Logarithmic  Scale,  of  my  own 
confiruding  :  the  like  to  which^  for  Large- 
nefs,  was  never  before  publijled  ,*  for  a  corn- 
pleat  Account  of  which  fee  Chap,  X.  of  the 
Theory. 

I  fajy  by  all  tbefe  various  Methods  I  have 
cfideavour  d  to  explain,  illiiftrate,  and  facili¬ 
tate  the  Kfiow ledge  of  the  Nature,  Proper¬ 
ties,  and  Conftrudion'  of  thofe  excellent  Num¬ 
bers,  called  Logarithms.  1  have  alfo  exem¬ 
plified' the  Manner  i?/’ making  Logarithms /L"* 
the  prime  Numbers,  by  many  and  different 
Examples,  and  in  feveral  ways ;  and  hav^ 
taken  all  pojfible  Care  to  render  this  inoft  ab- 
firufe  and  difficult  Fart^  as  cafy  and  intelli¬ 
gible,  as  the  Nature  of  the  Subject  will 
admit. 

Having 
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Having  thus  explain  d  the  Nature  of  Lo¬ 
garithms,  I  then  flew  how  they  are  laid  on 
Inilriimenrs,  and  thereby  the  Conftrudion  of 
the  Artificial  Lines  of  Numbers,  Sines,  and 
Tangents  j  firjl  contrived  by  the  famous  Geo¬ 
meter  ^  Mr.  Gunter  of  GrefhanvCollege  5,  and 
for  that  reafon  they  are  fcill  called  Gunter  s 
Line,  and  all  together  Gunter's  Scale. 

haftly^  I  have  largely  explain  d  the  Na^ 
turCj  and  fewn  the  Manner  of  making  or 
conjlrtiblmg  the.  Logifiicai  Logarithms,  accor¬ 
ding  to  Shakerky V  and  StreetT  Form  thereof  h 
and  which  1  have  not  feen  do7ie  by  any  other 
Hand. 

Thefe  things  together  wilf  1  hope ^  be  al¬ 
low  dp  to  make  a  regular,  univerfal,  and  com- 
pleat  t?/' Logarithiiis,  common  and  lo¬ 

gifiicai,  for  Integers  and  FraElions^  numeri¬ 
cal  and  inflrumcntal  j  and  fach^  as  for  Bre¬ 
vity,  yet  Copioufnefs  and  Variety,  has  not  ^ 
been  before  extant. 

As  touching  the  Praxis,  or  Ufe  of  Loga¬ 
rithms,  which  makes  the  fecond  Fart  of  this 
iForky  I  have  mad.e  it  as  cample  at  and  per- 
feEl  as  poffible having  illuft rated  all  the 
Rules  of  Pradice  with  all  the  Variety  ofEn- 
arnpies  I  could  devife^  that  were  neceffary. 
And  that  none  may  be  unappriAd  of  the  moji 
cxtcnfive  Service  of  Logarithms  in  the  Matiie- 
maticalDifdpiines,  I  have  applied  them  to  the 

Arithmetic 
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Arithmetic  of  all  kinds  of  Numbers  j  to  Tri" 
gonometry,  in  the  Solution  of  all  Cafes  of 
Plain  and  Spherical  Triangles  j  to  Mercator's 
Sailing  particularly^  fhowing  how  all  its  Cafes 
may  be  refolvd  folely  by  the  Canon  of  Loga¬ 
rithmic  Tangents;  to  the  Menfuration  ofS\x- 
perficies  and  Solids,  iirc.  All  which  are  fun¬ 
damental  Operations,  and  may  each  of  them 
be  extended  or  branched  out  into  particular 
Sciences ;  but  that  wotdd  have  been  too  te¬ 
dious  a  Tasky  and  not  abfolutely  neceffary  to 
'my  dDefign,  I  have  therefore  only  applied  the 
Dodrine  of  Menfuration the  Arts  of  Gmg- 
ing^  Timber-Meafure,  Surveying  ;  becaufe 
they  are  the  mofi  common  and  neceffary  Arts 
in  Life ;  and  becaufe  the  Ufe  of  Gunter  s 
Scale,  aitd  Sliding-Ps.ulc  [though  before  fully 
taught^  and  all  along  applied ;  yet)  in  them 
is  more  extenfivc  and  various  than  in  any  o- 
ther  Arts:  and  therefore  I  have  taken  care 
not  only  to  fhew  all  the  djpferent  ways  ofufng 
thofe  inftruments,  btit  likewife  the  Rationale 
of  every  Operation ;  a  Matter  of  the  greatefi 
Importance^  and  too  often  neglected^  in  Books 
which  treat  thereof 

Laftly^  I  have  in  the  lafi  Chapter  given  a 
Variety  of  Examples  of  the  Ufe  of  Logiftical 
Logarithms  in  ri?^’pradical  Parts  <9/'Aftronomy ; 
both  with  refpebi  to  Time  and  Motion,  have 
made  it  appear  that  Street’s  Logiftical  Loga¬ 
rithms  anfwer  all  the  Ends  of  ShakerleyV  ; 
and  how  they  are  to  be  ufed  along  with  the 
Common  Logarithms  Numbers,  Sines,  and 

Tamtenrs. 
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Tangents.  And  throughout  this  fccond  Part, 

as  well  as  the  firft,  you  will  find  a  great 

Variety  of  new  and  ufeful  particulars^  not 

here  to  be  exprefsd. 

•» 

The  Third  Part  of  this  Work  confifts  of  a 
Canon  of  Logarithms,  viz.  (i.)  Of 
'common  Plumbers  from  i  to  100003  and  is 
fufficient  for  any  Number  under  10000000  by 
proper  Rules.  (2).  0/ Sines  Tangents 
every  Degree  and  Minute  of  the  Quadrant. 
(3.)  Of  Logidical  Logarithms  of  Mr.  Street  i- 
Form.  Concerning  which  Tables^  I fimll  only 
obfirve  two  things  in  general^  viz. 

Firft^  that  they  are  here  contrived  in  a 
new  and  moft  compendious  Form,  equally  eafy 
and  ufeful  as  thofe  of  the  common  Form ;  thd 
in  this  they  take  up  but  one  half  the  room^  as 
they  do  in  that.  An  Abbreviation  very  com* 
modious^  and  I  hope  will  prove  acceptable. 

Secondly  ^  the  Corretlnefs  of  thefe  is  a 
matter  of  the  lafl  Concern^  and  the  greatefi 
Argument  to  recommend  them.  In  order  to 
prove  thiSy  I  need  only  fay,  that  thofe  large 
Tables  of  Mr.  SherwiriT  are  granted  to  be  the 
moft  correH  of  any  extant,  from  the  moft 
carjeful  and  exquifite  Method  he  took  to  make 
them  fo,  which  fee  in  his  Preface. 

From  thefe  large  Tables  thus  correct,  1 
have  made  mine,  every  Figure  of  the  two 
firft  Tables  with  my  own  Hand  s  in  doing 

^  whici 
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whichy  I  di [cover  d  feveral  Errors^  here  and 
there ^  as  1  vfent  along^  inthem^  as  exa£i  as 
they  were^  'which  accordingly  correBing  in 
mine^  I  can^  I  grefume^  j'^ftly  pronounce  my 
Tables  the  moji^  certain  -and  exad,  as  well  as 
the  mofi  compendious  of  any  in  being. 

t  ^ 

Having  thus  largely  declared  the  feveral 
E  arts' of  this' Work]  and  foewn  the  Reader 
what  an  ufeful  Variety  he  may  expePt  to  meet 
with  both  in  the  Theory,  Praxis,  and  Tables, 
of  this  mofi  ufef  ul  and  excellent  Art  h  I  n^uft 
leave  it  to  himfelf  to  ufe  or  rejePl  it^  as  he 

(ball  jtidge  of  the  Merits  thereof. 
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LOGARITHMOLOGIA. 

PART  I. 

The  Theory  ^Logarithms. 


CHAP.  I. 

Of  the  Definition,  Origin,  and  'Nature  of 
Logarithms. 


I.  bcft  Definition  of  thofe  Numbers 

“  we  call  Logarithms^  is  contain’d  in  the 
very  Name  or  Word  {Logarithm)  it- 
felf  *,  for  it  IS  compofed  of  the  two 
Greek  Words  Xoym  which  properly  or  lite¬ 

rally  fignify,  a  Number  of  Rations:  and  a  Logarithm 
is  no  other  than  a  Number,  which  denotes  or  fhews 
what  Number  of  Rations  is  contain’d  between  Unity ^ 
and  that  Number  of  which  it  is  faid  to  be  the  Lo- 
garithm. 

2.  Whence  ’tis  evident,  that  in  order  to  have  a 
clear  Notion  of  Logarithms^  *tis  abfolutely  neceflary 
to  underftand  firft,  and  that  very  well,  what  is 
meant  by  the  Word  Ratio ^  or  Ratio’s^  as  here  ufed 
in  the  Definition  of  Logarithms,  and  making  an  ef- 
fential  part  thereof. 

3.  Ratio ^  then^  is  a  certain  mutual  Habitude  of 
Magnitudes  of  the  fame  kind^  according  to  ^antity. 
This  is  Euclid^s  Definition  :  in  which  four  things 
mufi:  be  obferv’d  •,  as  (i.)  he  faith  Ratio  is  a  certain 
mutual  Habitude  5  by  which  he  means  no  more  than 

B  what 


2  Of  the  Definition^  Origin^  and 

what  We  commonly  call  the  Proportion  of  any  two 
things  of  a  like  fort  to  each  other ^  when  by  us  they 
are  compar’d  together.  (2.)  He  ufeth  the  general 
Word  Magnitude  to  denote,  that  all  Subjects  of  Sftian- 
tity^  as  Numbers^  Lines^  Superficies^  and  Solids^  are 
capable  of  fuch  Ratio^  Habitude^  or  Proportion^  as 
aforefaid.  (3.)  He  adds  this  Reftridion,  of  the  fame 
kind  \  thereby  infinuating  there  can  be  no  Ratio  or 
Proportion  of  ^antity  between  Magnitudes  of  a  dif~ 
ferent  kind  ;  thus  we  cannot  compare  a  Line  to  a 
Superficies  ;  becaufe  the  Quantity  of  a  Line  is  efti- 
mated  in  Length  only,  but  the  ^antity  of  a  Super- 
ficies  arlfeth  from  the  joint  Confideration  of  Length 
and  Breadth,  or  the  Produd  of  each,  and  fo  im- 
porteth  Space  ;  which  is  entirely  different  from  a 
Line^  and  therefore  thefe  two  things  cannot  be  the 
Terms  of  Ratio  or  Comparifon.  (4-)  Laftly,  he 
fays,  this  Ratio  is  according  to  ^antity ;  that  is, 
we  compare  Magnitudes  in  this  Cafe,  only  to  ob- 
ferve  and  maintain  the  Proportion  of  Greatnefs  or 
Bulk  which  is  between  them  ;  or  to  find  how  often^ 
or  how  many  times^  one  leffer  Magnitude  is  contain’d 
in  another  greater  Magnitude  \  negleding  all  other 
Confiderations  and  Affedions  of  the  faid  Magni¬ 
tudes. 

4.  Having  thus  confider’d  the  general  Nature  of 
Rations  or  Proportions  ;  I  fhall  apply  it  to  Numbers^ 
as  they  are  immediately  the  Subjed  of  Logarithms, 
The  Ratio  therefore,  or  Proportion  of  a  Number  to 
a  Number  is  two -fold  ;  for  firfl:  the  Ratio  of  a  greater 
Number  to  a  leffer  may  confifi:  in  the  Addition  of 
fome  certain  Number  to  that  lefjer  Number-^  thus  the 
Ratio  of  6  to  2  is  made  by  adding  4  to  2.  And 
if  from  Unity  you  begin  the  conftant  Addition  of 
the  fame  Number,  fuppofe  2,  you  will  then  have  a 
Series  of  Numbers,  whofe  Differences  will  be  the 
fame,  as  i,  2,  4,  6,  8,  10,  12,  i^c.  and  fuch  Num¬ 
bers  are  faid  to  be  in  Arithmetical  Proportion  or  Pro-- 
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grejfion ;  and  this  common  Difference  of  the  Terms, 

!  as  here  2  is  called  the  Ratio  of  the  Progrellion. 

5.  Secondly,  the  Ratio  of  a  greater  Number  to  a 
I  leffer  may  conlift  in  a  Multiplication  of  the  Lejfer 

I  Number  by  fome  other  Number  ;  thus  the  Ratio  of 
12  to  4,  is  made  by  multiplying  4  by  3  5  and  if 
1  from  Unity  you  begin  a  conftant  Multiplication  by 
I  tht  fame  Number^  fuppofe  2,  you  will  then  have  a 
'  Series  of  Numbers,  as  i,  2,  4,  8,  16,  32,  64, 
i  which  are  faid  to  be  in  Geometrical  Proportion^  or 
•  Progrejffion  ;  and  the  common  Multiplier^  as  here  2, 
i  is  called  the  Geometrical  Ratio  of  this  Progrefllon. 

6.  Wherefore  in  the  two  Series  or  ProgrefTions  of 
!  Numbers,  *vi%, 

!  Arith.  i,  2,  4,  6,  8,  10,  12,  14,  £s?r. 

I  Geom.  I,  2,  4,  8,  16,  32,  64,  128,  i^c. 

i  *tis  eafy  to  obferve,  that  as  the  fecond  Term  ex- 
!  ceeds  the  firft  by  one  Ratio,  fo  the  third  Term  ex- 
!  ceeds  the  firft  by  two  Ratio’s,  the  fourth  by  three 
I  Ratio’s,  the  fifth  by  four  Ratio’s,  &c.  Thus  in  the 
i  Arithmetical  Series,  the  Ratio  of  4  to  i,  is  elouble 
I  of  the  Ratio  of  2  to  i  ;  the  Ratio  of  6  to  i,  is  tri^ 
i  pie  the  Ratio  of  2  to  1  ;  the  Ratio  of  8  to  i,  is 
i  quadruple  the  Ratio  of  2  to  i,  lyr.  And  in  the 
j  Geometrical  Series,  the  Ratio  of  4  to  i  is  the  du^ 

I  plicate  of  the  Ratio  of  2  to  i  ;  the  Ratio  of  8  to  i 
I  is  triplicate  of  the  Ratio  of  2  to  i,  and  the  Ratio 

I  of  16  to  I  is  quadruplicate  of  the  Ratio  of  2  to  i, 

I  and  fo  on.  Where  ’tis  to  be  obferved,  that  the 
j  Words,  double^  triple^  quadruple^  &c.  are  proper  to 
I  the  Ratio’s  of  the  Arithmetical  Series^  and  imply  the 
i  Addition  of  them  only  *,  but  the  Terms  duplicate^ 
triplicate^  quadruplicate^  &c.  are  proper  to  the  Geo- 
metrical  Series^  and  imply  the  Multiplication  of  thofe 
j  Rations. 

j  7.  What  has  been  thus  far  related  of  the  Dodtrine 
of  Ratio’s,  is  fufficient  for  our  prefent  purpofc,  viz, 

I  the  underftanding  the  Nature  of  Logarithms,  Fpr 

B  2  fuppofe 
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fappofe  a  Series  of  Numbers  in  Arithmetical  Progref 
fion,  beginning  from  o,  and  whofe  Ratio,  or  com¬ 
mon  Difference,  is  Unity  or  i  ;  and  to  them  be 
adapted  a  Series  in  Geometrical  Progrejfion,  beginning 
from  Unity  ;  and  whofe  common  Ratio  be  any  af- 
fign’d  Number,  fuppofe  2,  as  before  ;  then  will 
thofe  two  Series  ftand  as  below  : 

S  Arith.  o.  1. 2. 3.  4.  5.  6.  7.  8.  gGfc. 

VIZ.  I  Qeom.i.  2.4.  8. 16.  32.  64. 128.  256.  512.^5?^, 

8.  ’Tis  evident  the  Numbers  in  the  firft  Series 
fliew  the  Number  of  Ratio’s  between  their  corre- 
fpondent  Numbers  and  Unity  in  the  fecond  Series. 
For  inftance,  the  Figure  2  in  the  firft  Series,  fhews 
the  Ratio’s  between  its  correfponding  Number  4  and 
I,  in  the  lower  Series,  are  2  ;  the  Numbers  5,  7,  9, 
in  the  upper  Series,  fhew  the  Number  of  Ratio’s  be¬ 
tween  their  correfponding  Numbers  32,  128,  512, 
and  I  or  Unity,  in  the  lower  Series,  to  be  refpecftively 
5,  7,  and  9  ;  or  that  the  Ratio  is  fo  often  repeated 
from  Unity  to  thofe  Numbers,  and  confequently  fo 
often  compounded  in  them  *,  or  farther,  that  the 
Ratio  of  32  to  I  is  compounded  of  five  times  the  Ra¬ 
tio  of  2  to  I  ;  and  the  Ratio  of  128  to  i,  of  feven 
times  the  Ratio  of  2  to  i  ;  and  the  Ratio  of  512 
to  I,  of  nines  times  the  Ratio  of  2  to  i. 

9.  Wherefore  fince  the  Numbers  in  the  upper  Se¬ 
ries  ftiew  the  Number  of  Ratio’s  contain’d  between 
their  correfponding  Numbers  and  Unity  in  the  lower 
Series  ;  therefore  thofe  Numbers  in  the  upper  Series 
in  Arithmetical  Progreftion  fhall  be  the  Logarithms 
of  the  Numbers  in  the  lower  Series  of  Geometrical 
Progreftion,  and  that  according  to  the  Definition  of 
J^ogarithms  beforegoing. 

10.  From  the  faid  Series,  ’tis  farther  manifeft, 
that  the  Produdl  of  any  two  Terms  in  the  lower 
Series  correfponds  to  the  Sum  of  their  refpedive 
Terms  in  thq  upper  Series.  See  the  following  Ex¬ 
amples. 


Arith. 


5 

9- 
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Arith.  or 
Logar. 
Geom.  or 
N.Nam. 


{2  +  3=  5;2+  4=  653+  6  = 
^4  x8  =  32;4x  16  =  64;  8  X  64  = 


512. 


Alfo  if  any  two  Numbers  in  the  lower  Series  be  di¬ 
vided  the  one  by  the  other,  the  Quotient  thence  a- 
riiing  fhall  correfpond  to  the  Difference  of  the  refpec- 
tive Numbers  in  the  upper  Series.  Examples  in, 


Arith.  5  —  3  =  2;  6  —  2—  4;  9  —  3==  6. 

Geom.  32-f-8  =  4;  64-f-4z=:i6;  5i2-~8  =  64. 

II.  And  univerfaJIy,  if  any  four  contiguous  Num¬ 
bers  be  taken  in  the  fecond  Series,  as  the  Product 
of  the  Extremes  is  equal  to  the  Produdt  of  the 
Means  ;  fo  in  the  firfl  Series  of  the  four  correfpon- 
ding  Numbers,  the  Sum  of  the  Extremes  will  be 
equal  to  the  Sum  of  the  Means;  as  in  the  Examples 
below. 


Arith.  1+  4—2+3=  5;  3+  6=  4+  5=  9. 

Geom.  2  X  16=4  x  8=32  ;  8  x  641=16  x  32=512. 


and  vice  verfa. 

12.  Again  the  Square^  Cuhe^  ^c,  of  any  Number 
in  the  lower  Series  of  Geometricals  will  be  anfwer’d 
by  double y  triple^  &c.  the  correfponding  Number 
in  the  upper  Series  in  Arithmetical  Ratio  ;  for  Ex¬ 
ample  ; 

c  ^  5  Arith.  2x2=  4;  4x  2z=:  8;  ox 2=0. 
quarv,  (  4x4=16;  16  x  16=256;  i  x  1  =  1. 

The  Cube  ^  i  x  3=3  ;  3x3=  9* 

^  Geomet.  2X2X2=8.  8x8x8=1512. 

And  the  Converfe  of  this  Article  is  alfo  true  ;  as  is 
evident  enough  without  example. 

13.  It  appears  then  by  thefe  fix  laft  Articles,  that 
Logarithms  are  a  Series  of  Numbers  in  Arithmetical 
Progreffion^  fo  fitted  and  adapted  to  another  Series  of 
Numbers  in  Geometrical  Progreffion^  as  that  each 

I  Perm 
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of  the  firft  jhall  expound  ( or  be  the  Exponent 
of)  the  Ratio  of  its  correfpondent  T erm  to  Unity  in 
the  fecond  Series,  And  that  on  this  very  Principle  : 
For  every  Addition,,  Subftraciion^  Multiplication^  or 
Divijion  of  the  Logarithmic  Numbers  there  corre- 
fponds  a  mutual  Multiplication,,  Bivifion,,  Involution,^ 
and  Extraction  of  the  refpebtive  Lerms  in  the  Geo¬ 
metrical  Series. 

14.  Now  ’tis  a  Matter  entirely  arbitrary  or  indif¬ 
ferent,  what  Number  be  made  the  firft  Term  in  ei¬ 
ther  Series  *,  for  hnce  the  firft  are  made  by  equal 
Additions,,  the  latter  by  equal  Multiplication,  be  the 
Ratio  what  it  will,  the  former  will  dill  be  the  Loga¬ 
rithms  of  the  latter  *,  as  is  evident  in  the  Table  ad¬ 
join’d. 


Series  of  Logarithms. 

6 

I 

I 

3 

6 

7 

0 

0 

18 

2 

2 

5 

7 

12 

I 

10 

54 

4 

3 

7 

8 

17 

2 

20 

162 

8 

4 

9 

9 

22 

3 

30 

486 

16 

5 

1 1 

10 

27 

4 

40 

1458 

32 

6 

13 

1 1 

32 

5 

50 

4374 

64 

7 

15 

1 2 

37 

6 

60 

13122 

128 

8 

17 

13 

42 

7 

70 

39366 

256 

'  9 

J9 

14 

47 

8 

80 

118098 

512 

10 

21 

15 

r  1 

9 

90 

354294 

1024 

1 1 

23 

16 

57 

10 

100 

15.  Wherefore  to  thQ  fame  Series  of  Frcportio- 
nals  there  may  be  an  infinite  Number  of  Series  or 
Scales  Logarithms  contiivcd',  vice  verfa.  Yet 
of  ^//thofe  infinite  kinds  of  Logarithms,  only  thofe 
whofe  firft  Term  is  o,  and  the  common  Difference  i, 
10,  100,  &c,  are  adapted  for  ufe.  Becaufe  if  the 
firft  Term  be  a  ngnificant  Figure,  we  muft  neceftir- 
rily  have  refpevft  to  it  in  ufe  ;  and  fo,  in  this  cafe. 
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four  Terms  of  the  Logarithmic al  Series  becomes  un¬ 
avoidable  *,  whereas  if  o  be  the  firft  Term,  three 
other  Terms  only  fuffice  in  the  Multiplication  of  any 
two  Proportionals  whatever :  for  the  Sum  of  their 
Logarithms  will  point  out  the  Product ^  and  fhew 
its  Place ^  that  is,  its  Difiance  from,  or  Ratio  to, 
the  firft  Terni  of  that  Scale  of  Proportionals,  But 
if  the  firfi  Lerm  in  the  Scale  of  Logarithms  were 
fignificant,  it  muft  be  fubdudled  from  the  Sum  of 
the  Mean,  in  order  to  find  the  Producft  of  the  two 
Proportionals^  ific,  as  before;  and  fo  we  ftiould  per¬ 
petually  have  double  Labour  in  every  Operation.  All 
this  is  evident  from  the  different  Series  of  Loga¬ 
rithms  in  the  foregoing  Table. 

16.  This  being  the  Nature,  and  fuch  the  won¬ 

derful  Properties  of  thofe  Numbers  called  Loga¬ 
rithms,  ’tis  natural  to  fuppofe  that  he  who  firft  dif- 
cover’d  them,  would  m.ake  fuch  a  noble  Difcovery 
as  fubfervient  as  poffible  to  the  Ufes  of  Life,  for  the 
genera!  Benefit  of  Mankind,  but  more  immediately  of 
Artifis  or  Mathematicians, _ 

17.  Now  to  do  this, ’t was  Proport.  Logarith.  j 

neceffary  to  calculate  and  fit  “  ~  o^ooooooo 

2.  Scale  or  Canon  of  Loga-  _  liooooooo 
rith'ms  to  all  Numbers  which  100 1 2  *0000000 
Men  commonly  make  ufe  of  3.0000000 

in  Bufmefs,  that  fo  the  Fa-  4.0000000 

//g-ue  and  Labour  of  Multi-  100000  5.0000000 
flyings  Dividing,  See.  large  1000000  6.0000000 
iiums  or  Numbers  might  be - 

avoided  by  only  the  Addition  or  Subftradlion,  ffic, 
of  Logarithms.  And  of  confequence  nothing  lefs 
than  a  general  Lable  of  Logarithms  for  all  Numbers 
between  Unity,  or  i  and  looooooor  100000005  could 
fuffice  *,  becaufe  no  Number  muft  here  be  wanting, 
as  in  the  other  intermitting  Series  i,  2,  4,  8,  16,  ffic, 
fince  general  Ufe  requires  them  all,  and  therefore 
tj)eir  Logarithms. 


Proport. 

Logarith.  ] 

I 

10 

100 

1000 

10000 

100000 

1000000 

0.0000000 

1. 0000000 

2.0000000 

3.0000000 

4.0000000 

5.0000000 

6.0000000 

18. 


8  Of  the  Defnition^  OrigiUy  &c. 

1 8.  Towards  this  ’twas  eafy  to  find  Logarithms 
for  a  Series  of  Numbers  proceeding  in  a  Decuple 
Proportion  or  from  Unity,  as  i,  lo,  loo,  looo, 

in  the  Table  above.  For  putting  o  ae  Loga¬ 
rithm  of  I  ;  and  I  =  Logarithm  of  lo ;  the  Loga¬ 
rithm  of  lOo  will  be  2  ;  and  of  1000,  3  ;  and  fo  on 
from  what  I  have  already  faid. 

19.  But  the  Difficulty  all  confifted  in  finding  the 
Logarithms  for  the  intermediate  Numbers  between 
I  and  10,  10  and  100,  100  and  1000,  f£c.  or  thofe 
of  them  which  are  called  Prime  Numbers^  becaufe 
they  being  once  found,  the  Logarithms  of  all  others 
are  eafily  obtain’d,  as  we  fhall  fee  by  and  by. 

20.  Now  tho’  the  Numbers  i,  2,  3,  4,  5,  6,  7, 
8,  9,  are  not  in  Geometrical  Proportion  (but  indeed 
in  an  Arithmetical  one)  and  fo  their  Logarithms  not 
to  be  obtain’d  like  the  Logarithms  of  thofe  which 
are  fo,  yet  as  the  Ratio  of  10  to  i,  (hews  only  what 
DiJiancCy  or  how  far  10  is  from  Unity  in  the  Scale 
of  Proportion,  and  that  the  Numbers  2,  3,  4,  5, 
fAc.  pofiefs  feverally  a  certain  part  of  that  Diftance, 
if  the  faid  Ratio  or  Diftance  of  10  to  i,  be  fuppofed 
to  be  divided  into  a  vaft  number  of  equal  PartSy 
fuppofe  10000000,  fAc,  ’tls  evident  a  certain  number 
of  thofe  equal  Parts  are  to  be  allotted  to  the  Num¬ 
bers  2,  3,  4,  5,  which  fhall  as  truly  exprefs  the 
Diftances  from,  or  the  Ratio's  of  thofe  feveral  Num¬ 
bers  to  Unity,  as  that  of  10  to  Unity  is  exprefs’d  by 
the  whole  Number  10000000. 

21.  This  indefinite  Number  (1000000,  of 
equal  Parts^  into  which  the  whole  Ratio  of  10  to  i, 
is  divided,  may  be  conceived  as  a  Number  of  fo 
many  fmall  Ratio's  or  P.atiuncul^^  fince  they  are  all 
equal  to  each  other.  And  fo  fince  the  whole  Num¬ 
ber  of  RatiuncuU  between  10  and  i,  is  the  Loga¬ 
rithm  of  10  to  I  ;  therefore  that  Number  of  thofe 
RatiuncuU  which  lie  between,  or  exprefs  the  Di¬ 
ftance  of  2,  3,  to  I,  fhall  alfo  be  as  much  the 

Logarithms 
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Logarithms  of  thofe  Numbers  2,  3,  ^c.  or,  rather, 
of  their  Ratio’s  to  Unity.  And  thus  it  appears  that 
even  the  Logarithms  of  2,  3,  4,  5,  ^c.  (and  for 
the  fame  Reafon)  ii,  12,  13,  ^c.  21,  22,  23,  fsfr, 
101,  102,  103,  may  be' found  to  as  great  Ex-^ 
adnefs  as  is  neceffary.  The  Method  of  doing  this 
by  Numbers,  fhall  be  the  Subje6t  of  the  next  Chap¬ 
ter. 


CHAP.  IL 

Of  the  Method  of  snaking  a  Table  of  Logarithms 

by  plam  Arithmetic, 

I.  T  T Aving  explain’d  the' Nature  and  Properties 
j|7j[  of  Logarithms,  and  iliewn  not  only  how 
they  are  adapted  to  Series  of  Geometrical  Pro¬ 
portionals,  but  alfo  by  what  means  they  are  to  be 
calculated  for  all  Numbers  from  Unity  to  any  large 
Number  either  above  or  below  it : 

2.  The  Method  or  Procefs  it  felf,  then,  of  doing 
this,  is  the  next  thing  to  be  propofed  *,  an  ar¬ 
duous  Lafz  this,  to  him  that  firft  aggrefs’d  it !  At 
fuch  an  Enterprize,  he  indeed  might  truly  have  faid. 
Hie  Labor ^  hoc  Opus  eft.  And  this  any  but  an  in¬ 
human  Reader  will  be  convinced  of,  by  viewing  the 
following  tedious  and  laborious  Procefs  for  gaining 
the  Logarithm  of  one  fingle  Prime  Number,  and 
that  only  to  feven  Places  of  Figures. 

3.  For,  as  1  faid  before,  ’tis  fufficient  to  produce 
the  Logarithms  of  Prime  Humber s  only,  becaufe,  by 
the  Addition^  Subftradtion,  ^c.  of  thefe,  we  obtain 
the  Logarithms  of  all  Compofit  Numbers,  with 
Eafe;  as  will  appear  further  on.  Now,  tho’  there 
are  but  three  Prime  Numbers,  viz,  3,  5,  7,  between 

C  i 
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I  and  10  ;  yet,  bccaufe  the  Logarithm  of  no  Num¬ 
ber  between  i  and  lo  can  be  found  by  the  Loga¬ 
rithms  of  any  of  the  Proportionals  i,  lo,  lOO,  looo, 
it  follows,  that  the  Logarithm  of  any  one  of 
the  nine  Digits  is  found  with  equal  Difficulty  for  the 
iirft.  Therefore  I  fhall  give  an  Example  in  finding 
the  Logarithm  for  the  Number  9. 

4.  The  Number  10,  then,  being  already  fuppofed 
at  fuch  a  Diftance  from  Unity  as  contains  10060000 
equal  Parts  or  Ratiuncula^  which  is  the  Logarithm 
of  10  ;  therefore  to  find  the  Logarithm  of  9,  is  to 
find  how  many ^  or  what  'Number  of  thofe  Ratiuncul^e 
are  contain’d  between  i  and  9,  which  is  done  in  the 
following  Manner. 

5.  Firft,  make  A=i,  whofeLog.  Is  0.0000000  ; 
and  8=10,  which  Logarithm  i. 0000000  *,  as  in  the 
Table  below. 

I 

Secondly,  between  A  and  B,  or  i  and  10,  find  a 
Mean  Geometrical  Proportional  C=3 .1622777  *,  the 
Logarithm  whereof  will  be  half  the  Logarithm  of  i  o, 
*viz.  5000000. 

Thirdly,  becaufe  C  is  much  lefs  than  9,  find  an¬ 
other  Mean  Proportional  D=5.6234i3  between  B 
and  C  *,  whofe  Logarithm  will  be  an  Arithmetical 
Mean  between  the  Logarithms  of  B  and  C,  viz, 
0.7500000. 

Fourthly,  becaufe  D  is  flill  much  lefs  than  9,  find 
another  Geometrical  Mean  between  B  and  D,  viz. 
E=7  4989421,  whofe  Logarithm  is  an  Arithmetical 
Mean  between  thofe  of  B  and  D,  viz,  0.87500000. 

fifthly,  fince  E  is  yet  much  lefs  than  9,  find  yet 
another  Geometrical  Mean  F=8.6596432,  between 
B  and  E  ;  the  Logarithm  of  which  will  be  an  Arith¬ 
metical  Mean  0.93750000,  between  thofe  of  B 
and  E. 

6.  And  thus  continue  finding  Mean  Geometrical 
Proportionals  between  the  Numbers  next  Greater  and 
next  LeJJer  than  9,  till  you  arrive  to  the  Number  9 

itfelf. 
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itfelf,  which  fhall  be  clear  of  all  other  Figures,  but 
•Cyphers^  to  the  Number  of  Places  propofed  ;  which 
will  happen  at  the  twenty-fixth  Trial,  as  you  fee  in 
the  following  Table. 

Proportionals.  Logarithms. 


A 

I.OOOOOOO 

0.00000000 

C 

3.1622777 

0.50000000 

B 

10.0000000 

1. 00000000 

B 

10.0000000 

1 .00000000 

D 

*5-6234132 

0.75000000 

c 

3.1622777 

0.50000000 

B 

10.0000000 

1. 00000000 

E 

7.4989421 

0.87500000 

D 

5.6234132 

0.75000000 

B 

10.0000000 

1. 00000000 

F 

8-6596432 

0.93750000 

E 

7.4989421 

0.87500000 

B 

10.0000000 

1. 00000000 

G 

9.3057204  ’ 

0.96875000 

F 

8.6596432 

0.93750000 

G 

9.3057204 

0.96875000 

H 

8.9768713- 

0.953^2500 

F 

8.6596432 

0.93750000 

G 

9.3057204 

0.96875000 

I 

9.1398170  . 

0,96093750 

H 

8.9768713 

0.95312500 

I 

9.1398170 

0.96093750 

K. 

9-0579777 

0.95703125 

H 

8.976871 3 

0-95312500 

K 

9-0579777 

0.95703125 

L 

9-0173333 

0,95507812 

H 

8.976871 3 

0.95312500 

L 

9-017^333 

0.95507812 

M 

8.9970796 

0.95410156 

H 

8.9768713 

0.95312500 

C  2 
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Proportionals. 


L 

9-0173333 

N 

9.0072008 

M 

8.9970796 

N 

9.0072008 

0 

9.002 1388 

M 

8.9970796 

0 

9.0021388 

F 

8.9996088 

M 

8.9970796 

0 

9.0021388 

9.00087:^7 

P 

8.9996088 

9.0008737 

R 

9.0002412 

p 

8.9996088 

R 

9.0002412 

S 

8-9999250 

P 

8.9996088 

R 

9.0002412 

T 

9.0000831 

S 

8-9999250 

T 

9,000083  r 

V 

9.0000041 

s 

8.9999250 

V 

9.0000041 

X 

8.9999650 

s 

8.9999250 

V 

9.0000041 

Y 

8.0000845 

X 

8.9999650 

V 

9.0000041 

z 

8-9999943 

Y 

8.0000845 

Logarithms. 


0.95507812 

0-95458984. 

0.95410156 

0-95458984 

o-9543457<^ 

0.95410156 

6-95434570 

0.95422363 

0.95410156 

095434570 

0.95428467 

0.95422363 

0.95428467 

0.95425415 

0.95422363 

0-95425415 

0.95423889 

0.95422363 

0-95425415 

0.95424652 

0.95423889 

0.95424652 

0.95424271 

9.95423889 

0.95424271 

0.95424080 

0.95423889 

0.95424271 

0.95424217 

0.95424080 

0.95424277 

0.95424223 

'  0-.95424217 
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V 

9.000Q041 

0.95424271 

a 

8.9999992 

o.954'24247 

Z 

8.9g9qQ4-3 

0.9^424.229 

V 

9.0000041 

0.95424271 

b 

9.0000016 

0.95424259 

a 

8.9999992 

0.95424247 

b 

9.0000016 

0.95424259 

C 

9.0000004 

0.95424253 

a 

8.9999992 

0.95424247 

c 

9.0000004 

0.95424253 

d 

8.9999998 

0.95424250 

a 

8.9999992 

0.95424247 

c 

9.0000004 

0.95424253 

e 

9.0000000 

0.95424251 

d 

8.9999998 

0.95424250 

7.  Thus,  after  a  long  and  laborious  Calculation, 
(conhfting  of  26  Multiplications  and  Extradlions  of 
large  Numbers)  we  at  length  have  obtain’d  the  Lo¬ 
garithm  of  9,  viz.  0.95424251,  which  is  exadlly 
true  to  7  Places  or  Figures:  That  is,  if  the  Loga¬ 
rithm.,  or  Diftance  of  lO  from  Unity  be  fuppofed  to 
conhrl:  of  1 0000000  equal  Parts,  then  the  Diftance 
of  9  from  Unity  ftiall  confift  of  9542425  of  thofe  e- 
qual  Parts  precifely  j  which  therefore  is  the  Loga¬ 
rithm  of  9,  becaufe  it'expreftes  the  Ratio  of  9  to  i. 
If  the  faid  Logarithm,  or  Diftance  of  10  from  Unity 
were  fuppofed  to  confift  of  100000. 00000.00000.- 
00000.  00000.  00000.  00000.  00000  00000.00000.- 
00000.000000  equal  Parts  ;  then  the  Diftance  of  9 
from  I, would  be95424.25094.3D324.87459.oo558.- 
06510.  23061. 84002.  57728.38139. 17296. 597313 
of  the  fame  equal  Parts  ♦,  and  is  its  Logarithm  to  62 
Places  of  Figures.  But  the  Reader  is  not  to  imagine 
that  this  prodigious  Logarithm  was  produced  by  the 

I  fore- 
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foregoing  operofe  Method  :  No ;  for  tho’  ’tis  not 
impoffible,  ’tis  impradicable  by  that  Method  •,  but 
it  is  the  Prcduc5t  of  modern  Invention  ;  an  Inftance 
of  which  v/ill  be  given  in  due  Place. 

8.  Having  thus  found  the  Log.  of  9=0.9542425 
if  it  be  divided  by  2,  the  Quotient  or  Half,  0.477 12 12 
will  be  the  Logarithm  of  3,  by  the  Converfe  of  Ar¬ 
ticle  12.  Chap.  I.  The  Double  of  the  Logarithm 
of  9  is  the  Logarithm  of  81=1.9084850  by  the  fame 
Article.  And  thus  by  a  continual  Multiplication  of 
this  one  Logarithm  by  2,  3,  4,  5,  you  gain  the 
Logarithms  of  all  the  Powers  of  Nine. 

9.  ’Tis  farther  evident,  that  if  the  Ratio  of  io«to 
I,  100  to  10,  1000  to  100,  lie.  be  fuppofed  only 
Unity  or  I,  as  expreffed  in  the  Table  of  Art.  17. 
Chap.  I.  the  Logarithm  of  Nine,  0.95424225 
will  be  no  other  than  a  Decimal  Fradtion,  whofe  De¬ 
nominator  is  the  faid  Ratio^  or  Unity,  with  Cyphers 
annex’d,  thus 


*-3  ^ 

<u 

i-T 
^  o 

^1 

<u 

>-  c 

^  nj 

H  o 


3=0.4771212' 

0  e- 

CO 

2  ^ 

9=0.9542425 

r  ^ 

CiH  0 

10=1.0000000 

•'  .  Q 

to  '-♦-I 

<  81=1.9084850 . 

(L>  to 

!>  < 

100=2.0000000 

729=2.8627275 

1 000=3  .ooooooo_^ 

may  be 
don  vvi 

r 

3=0. 


4- 7  7  T g  IT 

I  0000000 
Q  0  5  4^4g-5- 
1  ooooooo 


10=1.0000000 

8_ _ ^  9084850 

A - ■‘•lOOOOOoO 

100=2.  coooopo 

>720—2  — 

/  *10000000 

1 000=3.  OOOOOOO 

lO.  Hence  ’tis  obvious  that  the  Logarithms  are 
only  the  Decimal  Parts  of  feveral  Ratio's^  i,  2,  3, 
of  10,  100,  1000,  i^c.  to  Unity  ;  and  that 
thofe  Ratio's  themfelves  make  the  integral  Part  of 
the  mixt  Decimal  Logarithm,  (as  I  may  call  it.) 
Thefe  integral  Parts  of  thofe  mixt  Decimal  Loga¬ 
rithms^  then  are  what  we  call  the  Indexes^  or  rather 
Indices^  of  thofe  Logarithms,  cr  fractional  Parts  ; 
wherefore,  the  Rations  of  10,  100,  1000,  loo.oo, 
100000,  Cfr.  to  Unity ^  are  the  Indices  of  or  belong¬ 
ing  to  the  Logarithms  of  all  intermediate  Numbers  im¬ 
mediately 
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fHediately  above  thofe  Proportionals.  So  the  Ratio  of 
10  to  I,  viz.  I,  is  the  Index  of  the  Logarithms  of 
all  Numbers  between  10  and  100.  And  2  (the 
Ratio  of  1 00  to  i)  is  the  Index  of  all  Logarithms  of 
Numbers,  from  100  to  1000,  andfoon. 

II.  From  whence  ’tis  eafy  to  obferve,  I’hat  the 
Index  of  any  Logarithm  contains  a  Number  of  Units 
lefs  by  one  than  is  the  Number  of  Figures  in  that  Num¬ 
ber  which  belongs  to  the faid  Logarithm, 


Therefore 
the  Num¬ 
ber 


12.  Now  as  this  Index  is  thus  called,  from  its  in¬ 
dicating  or  (hewing  how  many  Places  of  Figures 
there  are  in  the  Number  of  the  Logarithm  ;  fo,  on 
the  contrary,  the  Number  of  the  Logarithm,  as 
plainly  Hiews  what  the  Index  of  the  Logarithm  mull 
be.  And  therefore,  fince  in  the  Tables  of  Logarithms, 
all  the  Numbers  of  thofe  Logarithms  are  appofitely 
placed  in  proper  Columns  by  them,  ’tis  entirely  need- 
lefs  to  print  the  Indices.,  as  being  well  enough  known 
by  the  Numbers  ;  and  thus  they  are  (for  this  Rea- 
fon)  omitted  in  feveral  of  the  faid  Tables  ;  and  con- 
fequently  in  thofe  we  have  here,  in  fo  concife  a  Form^ 
now  firft  of  all  made  publick. 

13.  What  has  been  faid  hitherto,  relates  altoge¬ 
ther  to  the  Logarithms  of  Whole  Numbers  *,  but  the 
fame  Lodirine  is  equally  applicable  both  in  Fheory  and 
Practice,  to  fraciionai  Numbers ;  for  in  EfFe(5l,  the 
Properties  of  Decimal  and  Whole  N umbers  are  the 
fame.  Thus  the  Series  of  decuple  Proportionals, 

10,  100,  1000,  10000,  ^c.  may  be  continued  as 
well  belowXImXy^  as  above  it  *,  for  the  following  Rank 
of  Numbers,  viz.  100, 

1000,  10000,  ^c.  which  may  be  thus  exprefs’d, 
OjOooi,  0,001,  0,01,  O5I,  I,  10,  100,  1000, 

10000, 
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loooo,  lie,  are  all  in  a  Geometrical  IBecuple  Ratio 
cr.  Proportion  ;  and  confequently  equally  diflant  from 
Unity  on  each  Side,  and  fo  their  Logarithms  equi- 
dilferent,  and  the  fame.  The  Ratio’s  then^  in  the 
Scale  above  Unity,  may  be  called  Pojitive  Ratio's^ 
and  thofe  below  Unity,  Negative  Ratio's ;  and  thus 
the  Index  of  a  Logarithm  of  a  Whole  Number^  or  In¬ 
teger  y  ht  pofitivey  but  the  Index  of  the  Loga¬ 

rithm  of  Fraliion  fhall  be  negative. 

14.  And  fince  Vulgar  FradiionSy  Duodecimaly  Sex- 
agefimaly  Sec,  Fractions,  are  all  reducible  to  Decimals  ; 
’tis  evident  that  all  Numerical  Arith7netic  whatfoever 
is  fubjecd:to,  and  manageable  by  this  Art  of  Logarithm 
mical  Arithmetic.  The  only  Difficulty  being  in  ad- 
apting  or  readily  finding  the  proper  Index  to  the 
Logarithm  of  a  Decimal  Number.  For,  fince  the 
Index  in  the  Logarithm  of  Integers^  iliews  only  the 
Number  of  Places  or  Figures  in  the  faid  Integers,  ’tis 
plain  thofe  Indices  decreafcy  as  the  Places  of  Figures 
in  the  Integer  decreafe,  and  intirely  vaniffi  when 
thole  Places  of  figures  become  Unity  or  one,  that 
!S,  the  Index  is  then  o  ;  and  confeqaently  cannot 
ferve  for  Decimal  Numbers. 

15.  Therefore  fome  new  kind  of  Indices  or  Cha- 
radleriftics  mull:  be  invented^  which  fhall  be  proper 
only  to  Decimal  Numbers,  as  the  other  are  to  Inte¬ 
gers  ;  and  Inch  as  fhall  as  readily  difeover  the  Num¬ 
ber  of  Cyphers  to  be  prefiAd  to  the  fignificant  Figures 
in  the  Decimal,  as  the  other  determine  the  Number 
of  Figures  In  the  Integer,  arc  in  the  fame  degree  ufe- 
ful  for  Decimals,  as  they  for  Integers.  For  as  to  the 
fignificant  Figures  of  the  Decimal,  the  Logarithm  it 
yh^difeovers  them  ;  all  therefore  that  is  farther  necef- 
fary,  is  to  procure  fuch  Indices  as  fiiall  at  all  times 
denote  how  far,  or  how  'many  Places  from  Unity,  the 
fi-'fi  fignificant  Figure  of  the  Decimal  muft  (land  ;  or, 
which  amounts  to  the  fime,  how  many  Cyphers  77mji 
heprefiiAd  to  compicat  the  true  Value  of  the  Decimal. 

16. 
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16.  Tht  Indices  ^QY 
i  this  Purpofe  are  there- 
3  forejudg’d  beft,  which 
5  being  fuhftrahied  from 
I  9,  fhall  have  a  Re 
;j  mainder  exprejfing  the 
i  Number  of  Cyphers  to 

be  prefix* d\  thus  the 
i  Index  of  a  Decimal 
(  whofe  firft  Figure  (to 
i  theLeft,)isfignificant,, 

:  muft  be  9,  becaufe  9 — 9=:o,  that  is  no  Cypher  is  to 
I  be  prefix’d.  And  thus,  a  Decimal  that  has  i,  2,  2, 

.  4,  f£c.  Cyphers^  mufi:  have  the  Indices^  accordingly 
(  ^5  7?  b,  5,  f^c,  because  9 — 8=1,  9 — 7=2,9 — 6z=3, 

]  9 — denoting  the  Cyphers  to  be  prefix’d  to 
j  the  Decimal  Numbers.  This  is  evident  by  the  Ex- 
[  amples  in  .the  Table  above  ;  but  it  is  proper  to  dott 
I  thefe  new  Indices  on  each  Side.,  to  diftinguifh  *eni 
>  from  thofe  which  belong  to  the  Logarithms  of  In- 
'  tegers. 

17.  From  all  that  has  been  laid  hitherto,  Vis  evi- 
:  dent,  that  while  the fignificcmt  Figures  in  any  Numbeir 
’  whatever.  Integral  or  Decimal,  are  the  fame,  the  Lo^ 
i  garithm  of  thofe  Figures  will  be  the  fame  alfo  ;  the 

Variation  occafion’d  by  the  differing  Nature  of  the 
Number,  being  only  in  the  Indices.,  as  denoted  in 
the  faid  Table.  But  fomething  farther  will  be  faid 
of  the  Nature  and  Variety  of  Indices.,  when  we  come 
:  to  treat  of  the  Prabiical  Rules  of  Addition  and  Sub- 
'  ftrablion  of  Logarithms  ;  I  lhall  now  proceed  to  the 
I  next  Chapter,  wherein  the  myfterious  Nature.,  or  Doc¬ 
trine  of  logarithms  will  be  farther  illuftrated,  and 
render’d  more  obvious  to  the  Senfes  by  Geometrical 
Schemes  ^nd  Demonjirations. 

D 


47500^1:4.6766936 
Integers-^  4750=:3. 6766936 
475—2.6766936 
47>5=  1.6766956 
4,75=  0.6766936 
,475=.9-6766936 
<  ,o475=:.8. 6766936 

,oo475=.7. 6766936 
,000475=.  6.6766936 
,0000475=.  5. 6766936 
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CHAP.  III. 

l^be  DoBrine  of  the  Nature  and  Properties  of  Lo^ 
garithms  farther  explained  and  illufrated^  by 
means  of  the  Logarithmic  Curve. 

i.T  N  explaining  the  Nature  of  Logarithms  from 
the  Logarithmic  Curve^  ’twill  be  expedient  to 
Tt^rtknt  Proportional  ^amities  by  Letters  or  Species ; 
as  being  fuited  to  a  more  univerfal  Theory  than  Num¬ 
bers^  and  better  applicable  to  Right  Lines^  by  which 
alone  both  Numbers  and  their  Logarithms  are  repre- 
fented  in  the  Geometrical  Method  now  before  us. 

2.  In  a  Series  of  Proportionals^  then,  increafing 
from  Unity,  let  the  firffc  be  ^  ;  then  will  the  Se¬ 
ries  be  I,  <3^,  <3^5  a\  &c.  where  ’tis  evident 
the  Indices  or  Exponents  of  the  feveral  Powers  of 
area  Series  of  Numbers  in  Arithmetical  Progrejfion^ 
each  whereof  fhews  the  Place  or  Liftance  of  its  Term 
from  Unity  ;  thus  the  Term  a^  is  fhewn  by  its  Index 
4  to  be  in  the  fourth  Place  from  Unity  •,  and  ^Ms  in 
th^ffth  Place  s  ,or  a"^  and  a^  are  four  ^ndfive  times 
more  diftant  from  Unity  than  the  firJlTerm  a  \  which 
is  here  the  common  Ratio 

3.  From  hence  you  obferwe,  that  the  Exponents 
of  the  Powers  of  the  Terms  in  the  Series,  i,  a^^  <3^, 

<3^,  <3%  <3*^,  &c.  are  the  Logarithms  of  thofe 

Terms  refpedively.  Let  Exponent  be  —e  *,  then 

{the  Terms,  i,  aa^  aaa^  aaaa^  aaaaa^  aaaaaa^  &c. 

theExpon.  o,  2^,  3^,  4^,  5^,  6^,  &c. 

Therefore 

c  As  aaxaaa-=za^  ;  axa^z=za^ ;  and  aaxaaa^'a—aW ay 
(So  2H~3fc5^;  and  2^+3^^— 5^^. 

and  fo  every  where,  agreeable  to  the  Nature  of  Lo¬ 
garithms 
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!  garithms  before  defcrib’d,  in  the  two  preceding  Chap.-, 

'  ters. 

i  X  4.  If  between  i  and  a  there  be  put  one  mean  Pro- 
portional^  viz.  its  Index  or  Exponent  muft  be 

i'  wrote  I ;  thus  ^ a  =<3^  ;  for  o,  i,  have  an  Arith¬ 
metical  Ratio  ;  and  fo  the  Terms  i,  are  Geo¬ 

metrical  Proportionals,  Thus,  a  7nean  Proportional 

between  a  and  is  a^ a-=:.a^^-=:a^.  Alfo  if  you 
conceive  tw'o  mean  Proportionals  between  i  and 

they  fhall  be  ;  iox  1  \  v.  \  a  \  and  o,  4,  f, 

I,  have  an  equal  Difference. 

5.  Moreover  the  fame  Series  of  Geometrical  Pro¬ 
portionals  may  be  continued  both  ways,  and  be  made 
i|  decreafmg  as  well  as  increafing  ;  that  is,  it  may  as 
i  well  defcend  helozv  Unity  to  the  left  Hand^  as  afcend 

?!  above  it  to  the  Right.  Thus  the  Terms  ^5, 

^4,  I,  ay  a^y  a'^\  &c.  are  all  in  the  fame 

Geometrical  Progreffion.  And  fince  the  Diftance  of 
I  from  Unity  towards  the  right  Hand  is  pofitivCy  and 

!;  jt_ 

Ij  denoted  by  the  pofttive  Exponent  -\-2  *,  fo  being 
[!  equally  diftant  on  the  contrary  Side^  or  below  Unity y 
[(  and  this  Diftance  being  negativCy  therefore  the  Ex- 
:)  ponent  thereof  may  be  thus  negatively  expreft’d, 

1  a  ~atd  I,  and  fo  a'^  h  the  fame  as  a  ^  ;  thus  the 

i|  Series  a  \  a  a  d~^ ^  a  ^5  I5  ^5  aly 

j  a^y  &c.  is  the  fame  as  the  laft  foregoing, 
i  6.  Therefore,  in  thofe  Series,  if  a  reprefent  any 
:  Right  Line  (fee  Fig.  i.)  aa^  or  the  Square  thereof, 

'  is  not  to  be  taken  as  a  Quantity  of  two  DimenftonSy  or 
I  Surfacey  viz.  a  Geometrical  Square  ;  but  only  as  a 
Line  that  is  a  third  Proportional  to  fome  Line  taken 
as  Unity y  and  the  Line  a.  So  likewife  aay.ay  or  aaay 
is  not  a  ^lantity  of  three  DimenftonSy  or  a  Geometri¬ 
cal  Cube  'y  but  a  Line  that  the  fourth  I'erm  or  Pro¬ 
portional  in  a  Geometrical  Series y  whofe  firji  Term  is  i , 

D  2  ai.d 
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and  fecond  a.  And  thus  you  are  to  conceive  of  all 
the  reft  *,  ^iz.  fimply  as  Proportionals  of  Length 
only. 

7.  This  being  premifed  then,  if  on  any  Line,  as 
AN  (Fig.  2.)  both  ways  indefinitely  extended  from  A, 
be  taken  the  equal  Diftances  ACzrzCE— EG— GI— 
ILz=LN,  to  the  right  Hand  \  and  Aczrcei=eg, 

on  the  left  ;  and  if  on  the  Points  g,  e,  c.  A,  C,  E, 
G,  I,  L,  N,  be  ereded  to  the  Right  Line  gN,  the 
Perpendiculars  gli,  ef,  cd,  AB,  CD.,  EF,  GH,  IK, 
LM,  N  O,  which  let  be  in  a  continual  Geometrical 
Proportion  to  each  other,  and  reprefen t  Numbers, 
whereof  ABzni,  or  Unity.  The  Tops  of  thefe 
Lines  being  duely  join’d,  from  what  is  call’d  the 
Logarithmetic  Curve^  viz.  hBHO  ;  by  which  we 
are  farther  to  explain  and  illuftrate  the  Nature  and 
Properties  of  Logarithms. 

8.  But  a  more  ccmpleat  Idea  of  the  Logariihmical 
Curve,  may  be  conceiv’d  by  a  twofold  Motion  of  the 
Line  AB  ;  the  one  equable^  the  other  accelerated  or 
retarded  in  any  given  Geometrical  Ratio  \  For  Ex¬ 
ample,  if  the  Right  Line  AB  moves  uniformly  along 
the  AN,  fo  that  the  End  A  defcribes  equal  Spaces 
AC— CEzzEG,  ^5c.  in  equal  Limes  \  while  in  the 
fame  Time  the  faid  Line  A.B  fo  increajes,  that  the 
Increments  thereof  generated  in  equd  fimes,  be  pro- 
pert  ional  to  the  vjhole  increafing  Line  ;  that  is,  if  AB 
in  moving  forward  to  ab,  be  increafed  by  tfe  Incre¬ 
ment  ob,  and  in  an  equalLime,  when  it  comes  to  CD, 
the  Increment  thereof  is  D/> ;  and  V^p  \  ab  \  \  bo  \ 
then  the  End  B  of  the  faid  Line  AB  thus  continually 
increafing  ox  decreafing  in  the  fame  Ratio,  will  deferibe 
tiie  Logarithmic  Curve.  For  fince  AB  :  bo  ::  ab  :  Dp 
::  DC  \dq,  &c.  it  fnall  be,  by  Compofition  of  Ratio, 
as  AB  !  ab  ::  ab  i  DC  ::  DC  :  dc  r,  and  fo  on. 

9.  Since  (from  what  has  been  faid)  the  Lane 
AB— I,  and  the  other  Lines  CD,  EF,  GH,  i^c.  pro¬ 
ceed  from  thence  to  increafe  in  a  Geometrical  Ratio, 

and 
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I  and  their  Diftances  AC,  CE,  EG,  are  all  equal 
to  each  other  (by  Art.  7.)  Therefore  it  follows  that 
the  Diftances  or  Lines  AC,  AE,  AG,  are  the 
Logarithms  of  thofe  Numbers  reprefented  by  the 
Right  Lines  CD,  EF,  GH,  Cfc.  according  to  the 
Definition  of  Logarithms,  Chap.  I.  Art.  i,  and  13. 
i  For  if  AC=i,  then  AEiz:2,  AG— 3,  &c.  and  fo  in 
the  Series  of  proportional  Numbers  AB,  CD,  EF, 
GH,  IK,  LM,  NO,  ific.  we  have  tht  Logarithms 
o,  AC,  AE,  AG,  AI,  AL,  AN,i.. 
o,iAC,2AC,3AC,4AC,  5AC,  64C,1^^* 

10.  As  Logarithms.,  then,  are  the  Expojients  of  the 

Ratio* s  of  proportional  Numbers  to  Unity  in  any  Se¬ 
ries  ;  or  fhew  the  Place.,  Power.,  or  Order  of  the 
Numbers  with  refpe(5t  thereto*,  ’tis  plain  that  the 
Logarithm  of  AB  or  Unity  muft  be  — o,  becaufe  U- 
nity  is  not  diftant  from  it  felf.  Alfo  if  the  Ratio  of 
CD  to  AB  be  — then  fhall  the  Ratio  of  the  Num¬ 
ber  EF’  to  ox  Duplicate  of  the  former ; 

and  the  Ratio  of  GH  to  AY^-^xxxxx—x"^,  ox  Tripli¬ 
cate  of  the  firft  Ratio  x.  Thus  the  Ratio  of  NO  to 
ABiz:;^^.  '  And  confequently  the  Numbers,  their  Ra¬ 
tions,  and  Logarithms,  will  ftand  in  the  following 
Order 

Prop.  N°.  AB,  CD,  EF,  GH,  IK,  LM,  NO,  ^c. 
Ratio’s  ...  I,  X,  x^,  x^\  x^,  x'^,  x^,  &c. 
Logarithms  o,  AC,  2  AC,  3  AC, 4 AC, 5 AC,  6AC,ff?r. 

11.  If  four  Numbers  be  fuch,  that  the  Diftance 
between  the  firjl  and  fecond,  be  equal  to  the  Diftance 
between  the  third  and  fourth,  (be  the  Diftance  be¬ 
tween  the  fecond  and  third  what  it  will)  then  thefe 
Numbers  will  be  proportional  ;  for  let  the  four 
Numbers  be  AB,  CD,  LM,  and  NO  *,  then  becaufe 
ACznLN,  it  will  be  AB  :  Dp ::  LM  :  OT,  by  Art.  8. 
Therefore  (by  Compolition  of  Ratio)  AB  :  DC  ::  LM 
:  NO.  And  thus  of  any  other  four  Numbers  in  the 
Geometric  Serie\  The  Converfe  alfo  of  this  Propo¬ 
rtion  is  as  manifeftly  true. 
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12.  Since  AB—i,  and  its  Logarithm  zro ;  and 
fince  Unity  is  to  the  M.ultiplier  as  the  Multiplicand  is 
to  the  Produdly  in  every  Multiplication  ;  therefore  to 
every  Addition  of  Logarithms ^  there  correfponds  a 
Multiplication  of  their  Numbers,  Thus, 

Numbers,-  CDxEF:=:GH  ;  and  EFxIK=zNO. 
Logarithms,  A  0+ A  A  G  j  and  A  E-f  -  A I  zr:  A  N . 

And  in  Divijhn^  fince  Unity  is  to  the  Divifor  as  the 
Spuotient  to  the  Dividend  \  then  {by  Art,  ii.)  for 
every  Subftradtion  or  Difference  of  Logarithms,,  there 
correfponds  ^Divijion  of  their  Numbers,  Thus, 

Numbers,  GH~EF-CD;  and  NO~EF-IK. 
Logarithms, AG — AEzzAC  ;  fo  AN — -AE—AI. 

agreeably  to  what  was  Ihewn  in  Chap.  1.  Art.  lo. 

13.  Again,  fince  any  ajjuml d  Number ,,  the 

Square  thereof,  the  Cube,^  the  Biquadrate,,  &c.  are  all 
continual  Proportionals,,  their  Difiances  from  each 
other  will  be  equal  to  one  another  ;  and  are  therefore 
as  the  Numbers  AB,  CD,  EF,  GFI,  l^c.  in  the  Se¬ 
ries.  Confequently  if  the  Diilance  or  Logarithm  of 
the  Number  CD  be  multiplied  by  2,  3,  4,  ^c.  there 
will  anfwer  an  Involution  of  the  faid  Number  to  the 
Square,,  Cube,,  Biquadrate,  &c.  Power. 

Thus  for  the  Square 

Numb.  CDxCFizizh.F  ;  and  F.FxEFzzzIK. 

Log.  ACx2=AE.  ;  fo  AEx2~Ai. 

For  the  Cube 

Numb.  CDxCDxCDrziGH and  EFxEFxEF~NO. 
Log.  A  X  3  ”  xAG  *,  and  fo  AE  x  3  zzixAN. 

ITr  the  Biquadrate 

Numb.  CDxCD-xCDxCD  (zz:EFxEF)=rIK. 

Log.  ACx  4  zi:  (  AH,x2“)  AI. 

Which  is  the  fame  as  was  obferved  in  Chap.  I. 
Arr.  12. 

14.  If  the  equal  Diftances  A.C,  CE,  EG,  GI,  IL, 
be  bifeded,  and  in  the  Poii;ts  of  Bifedion  a,  c,  e,g,  /, 

there 


I 


chap. III.  c/'Logarithms  explained,  23 

there  be  ereded  the  Perpendiculars  cd^  ef^  gh^  ik  ; 
thefe,  by  means  of  the  Curve,  will  be  all  Proportion 
nals  ;  and  the  Number  LM  will  be  in  the  tenth 
Place  from  Unity  or  AB  :  if  then  we  put  LMzzio, 
and  fuppofe  its  Ratio  to  Unity  ht  10000000,  fuch 
Ratiuncul^^  as  that  of  n  0  to  AE,  or  Unity  is  i. 
Then  will  the  Numbers  and  their  Logarithms  be  as 
exprefs’d  in  the  following  Table. 


Numbers. 

Logarithms. 

AB  =  I 

0. 

ab  =  1.259,  ^c. 

Aa  =  1000000 

CD  =  1.585,  Cfdc, 

AC  =  2000000 

cd  z=z  1.996, 

Ac  =  3000000 

EF  =2.512,  ^c. 

AE=  4000000 

ef  =  3.163, 

Ae  =  5000000 

GFI=  3.982,  Cfr. 

AG=  6000000 

gh  =5.072, 

Ag  =  7000000 

IK  =6.310, 

AI  =  8000000 

ik  =  7.944,  ^c. 

Ai  =  9000000 

LM=  10. 

AL  =10000000. 

Numbers. 

Logarithms. 

AB'  =  I 

0 

CD  =  2 

AC  =  3010300 

EF  =  3 

AE  =  4771212 

GH  =  4 

AG=  6020600 

IK  =  5 

AI  =  6989700 

LM  =  6 

AL  =  7781512 

NO  =  7 

AN=  8450980 

PQ^=  8 

AP  =  9030900 

RS  =  9 

AR==  9542425 

TV  =io 

AT  =10000000 

15.  If  BKV  (Fig.  HI.)  be  the  Logariihmetic 
Curve^  and  ABizzi,  TVmio,  or  loAB  ;  and  all 
the  intermediate  Lines  CD,  EF,  GFI,  &c.  be  as 
Digits  2,  3,  4,  to  10  j  thefe  Lines  will  be  litu- 

ated 
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ated  at  unequal  Diftances  from  each  other  ;  and  fo 
thtiv  Logarithms  AC^  AE,  AG,  ^c.  not  proceeding 
to  increafe  by  equal  Differences,  fhew  the  Numibers 

AB,  CD,  EF,  Qc,  are  not  ordinately  (or  all  of  them) 
in  a  Geometrical  Ratio  or  Proportion.  If  the  Ratio 
of  I o  to  I,  or  TV  to  AB  be  fuppofed  to  confift  of 
looooooo  Ratiuncul^^  and  confequently  the  whole 
Logarithm  AT  of  looooooo  equal  Parts.,  then  the 
Diftances  of  each  of  the  nine  Digits  from  Unity,  viz. 

AC,  AE,  AG,  Cff.  ftiall  confift  of  fuch  Numbers 
of  thofe  fmall  equal  Parts.,  as  are  expreffed  in  the 
Table,  oppofite  to  the  faid  Digits. 

1 6.  Yet  fince  fome  of  the  Digits  are  in  a  Geome^ 
trie  Ratio.,  as  1,2,  4,  8,  their  Logarithms  will  be’ 
equidifferent ;  fo  AC— CGzz:GP ;  and  becaufe  1:3:: 
3 : 9,  there  is  AE=ER  ;  and  thus  it  appears  that 
tho*  the  nine  Digits  are  not  all  in  continual  Geometric 
cal  Proportion,  yet  fome  of  them  are  fo  ;  and  the 
reft  are  fome  of  thofe  Proportionals,  of  which  there 
be  looooooo  between  AB=i,  and  TV=io.  If 
the  Jirfi  Term  from  Unity  be  called  .v,  the  fecond 
will  be  the  third  a'%  &c.  and  fince  the  Number 
10  is  the  1 0000000th  Term  of  the  Series,  it  will  be 

Alfo  and 

;  and  fo  on.  Whence  every  Digit 
is  fome  Power  of  that  Number  which  is  the  firft  Pro¬ 
portional  from  Unity  :  The  Exponents  or  Indices  of 
‘  the  Powers  being  the  Logarithms  of  the  Numbers^ 
agreeable  to  Art.  10.  of  this. 
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CHAP.  IV. 

T’he  Nature  of  Logarithms  and  their  Indices^  , 
when  the  Numbers  are  Fradtions^  farther  ex-- 
plaind  by  the  Logarithmic  Curve. 

I.  T  Y  7E  have  hitherto  principally  confidered  the 
Y  y  Nature  and  Properties  of  Logarithms  of 
whole  Numbers  or  Integers^  and  have  obferv^d  that 
!  in  the  Decuple  Series  i,  10,  100,  1000,  the 
I  Terms  have  their  Ratio’s  to  Unity  affirmative  ovpo- 
I  fitive^  viz.  I,  2,  3,  or  thus,  -|-i,  -|-2,  +3, 
i  ^c,  the  contrary  of  which  happens  when  the  Num- 
!  her  of  the  Logarithm  is  not  integral^  but  frablional^ 

;  or  expreffes  only  fome  frablionate  Part  of  Unity.  For 
1  there  the  Series  being  continued  on  the  other  Side^  or 
below  Unity ^  hath  the  Indices  of  the  Powers  of  the 
Terms  of  a  Sffiality  diredlly  oppoftte  to  the  former; 
and  therefore  as  thofe  Indices  were  pojitive^  fo  thefe 
I  will  be  of  a  negative  Nature^  and  import  the  Terms 
i  to  be  below  the  State  of  Unity ^  or  rather  of  Integrity  ; 

!  and  will  be  affedted  with  the  Sign—,  as — -i,  — 2, 
j  —^3,  ^c,  as  is  evident  Chap.  III.  Art.  5. 

]  2.  Wherefore  fince  AB  reprefents  (Fig.  II.) 

[  all  the  Numbers  in  the  Series  towards  the  right  Iland^ 
or  above  Unity ^  CD,  EF,  GH,  Cfr.  being  integral^ 

•  and  having  the  Ratio  greater  than  Unity ^  will  have 
!  the  Logarithms  thereof  pefitive^  viz.  +AC,  ~FAE, 
ij  H-AG,  &c.  But  thofe  Numbers  or  Herms  on  the 
Left.,  or  below  Unity ^  cd,  ef,  gh,  S^c\  being /r^r- 
i  tionate^  and  having  the  Ratio  lefs  than  Unity  or  de- 
1  creafmg.,  will  have  the  Logarithms  thereof  Negative, 

;1  viz.  —Ac,  ■ — Ae,  - — Ag,  i^c.  iothflndices 

I  E  of 
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of  thofe  Logarithms  will  be  refpedively  affirmative 
or  negative. 

3.  Since  then  (as  hath  been  all  along  fhewn)  the 
dices  of  the  Logarithms  of  Integers as  being  affirma¬ 
tive^  muft  be  added.^  that  fo  their  Sum  may  indicate 
the  Product  of  the  Numbers  multiplied  \  as  AC-J-AE 
“  b=;AG,  which  fhews  that  its  GH=;CDxEF, 

the  Numbers  multiplied  ;  fo  if  Index  of  one  Lo¬ 
garithm  be  negative.^  and  the  Index  of  another  be  af- 
firmative.^  the  Difference  of  thofe  two  Indices  muft 
be  taken  for  the  Frodudl  of  the  Numbers.  Thus  to 
multiply  the  Integer  GH  by  the  Decimal  cd,  their  In¬ 
dices  being  -LAG,  and  — Ac,  their  Difference 
AG — A=AE,  and  fhew  the  Number  EF  is  the 
Produll  of  the  other  two.  And  here,  becaufe  the 
greater  Index  GH  is  affirmative.^  the  Difference  alfo 
AE  is  affirmative,  and  the  Produll  EF  to  be  an  In¬ 
teger  or  on  the  right  Hand  of  Unity. 

4.  But  if  the  Decimal  gh  be  to  be  multipliedhy  the 

Integer  CD,  whofe  affrmative  Logarithm  or  Index 
AC  is  the  negative  Index  of  the  Decimal,  viz. 
Ag,  their  Ag — AC  =  Ae,  Is  negative 

alfo,  and  fo  fhews  the  Produll  'ef  will  be  a  Decmal, 
or  below  Unity.  Again,  if  both  the  Indices  of  Loga¬ 
rithms,  whofe  Numbers  are  to  be  multiplied,  are  ne¬ 
gative,  their  Sum  fhall  be  a  negative  Index  whofe  Lo¬ 
garithm  points  out  the  Produll  (in  this  Cafe)  always  a 
Decimal,  or  in  the  Series  below  Unity  AB.  For  Ex¬ 
ample,  to  multiply  the  two  Decimals  cd,  ef,  the  Sum 
of  ih^jir  negative  Indices  Ac-f-Ae— Ag  is  negative, 
and  ihews  ihQ  Decimal  Produll  gh,  ever  below  Unity. 

5.  The  Reafon  of  all  which  is  very  plain ;  for 
fince  Unity  is  to  the  Multiplier  as  the  Multiplicand  to 
the  Produll,  and  the  Logarithm  of  Unity  is  — o  ; 
Unity,  any  two  Numbers  and  their  Produll,  together 
with  their  Indices,  will  ftand  as  follows  : 


I, 
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c  Ind.  Q,  AC,  AE,  AG, 
-*  lNum.AB:CD  ::  EF  :  GH, 


therefore 


therefore 

4- 

therefore 


AC  -d- 

AE  =z 

:  AG  + 

0  ~  AG. 

CD  X 

EF  = 

:  GEI  X 

I  =GH. 

o. 

— Ac, 

“f“AG, 

~f"AE, 

AB 

:  cd  :: 

GH  : 

EF. 

AG  — 

•  Ac  :z:: 

AE  +  o  — AE, 

GH  X 

cd  ir:EF  X  I  n: 

EF.  . 

o,  ~f“AC, 

-Ag,  • 

— Ae, 

AB  : 

CD 

::  gh  : 

ef. 

AC  — 

■  Ag  = 

o  —  Ae  nz  — -  Ae, 

CD  X 

gh 

I  X  ef 

ef. 

0,  - 

— Ac,  • 

— Ae,  - 

-Ag, 

AB 

:  cd  : 

:  ef  : 

Ae  + 

Ac  zr: 

o  —  A^ 

l  —  —Ag, 

ef  X 

cd  = 

I  X  gh 

1=  gh. 

6.  From  whence  ’tis  evident,  if  the  Numbers  are 
loth  Integers^  the  Product  will  fall  in  the  Scale  above 
( or  be  greater  than)  either  ^  if  they  be  of  different 
Sorts^  the  Produdi  will  fall  between  them,  above 
Unity  if  the  greater  Number  be  an  Integer^  or  below 
Unity ^  if  it  be  a  Decimal.  Eaftly,  if  both  the  Num¬ 
bers  be  Decimals,  the  Product  will  fall  below  Unity 
and  them  both.^  or  will  be  lefs  than  either  of  them. 
Thefe  things  well  obferv^d  and  underftood^  make  all 
the  Myftery  of  the  Arithmetic  of  Fradiions  by  Loga¬ 
rithms  vanifn,  where  it  is  taught  with  the  Ufe  of  ne¬ 
gative  Indices  to  Logarithms  oi fradiional  Numbers., 
as  it  is  to  be  found  in  fome  Books.  Note,  I  have  all 
along  in  this  Chapter,  faid  affirmative  or  negative  In¬ 
dices.,  and  not  affirmative  and  negative  Logarithms  ; 
becaufe  the  Indices  only  fhew  the  Finality  of  the 
Numbers,  viz.  above  or  belowXJmty,  greater 

or  leffier  than  it,  /.  e.  whether  they  he  Integers,  or 
wholly  Fradiions  \  and  therefore  Indices  muft  be 

carefully  added  or  fubjlradted,  as  occafion  requires, 

E  2  and 
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snd  as  before  direded  *,  but  the  Logarithms  fhewing 
the  Difiances  of  Numbers  from  Unity  indifferently 
or  without  refped:  to  the  Order  of  above  or  below^  are 
always  to  be  added. 

7.  But  fince  this  Method  of  negative  or  different 
Indices  to  Logarithms  is  attended  with  Addition.,  Sub- 
ftraliion^  and  other  intricate  Cautions  peculiar  to 
themfelves,  it  can^t  be  recommended  fo  much  as  an¬ 
other  Method  more  approved.,  and  therefore  more  ge¬ 
nerally  ufed  wherein  the  Indices  of  all  Logarithms^ 
(both  of  fractional  as  well  as  integral  Numbers)  un¬ 
dergo  the  fame  cojgprnon  Management  with  their  Lo¬ 
garithms  \  and  fo  can’t  be  fo  difficult  to  Learners  as 
the  other ;  tho’  it  is  alfo  attended  with  particular 
Rules^  as  you’ll  find  farther  on,  and  is  as  follows  : 


C/D 

r— 

o 

’cB 

u 

U-i 


C/5 

i-, 

bl 

(U 


N  umbers. 

Indices. 

Log'. 

ut  =,0000000001 

0  — 10  0  90.0000000 

rs  =  ,000000001 

tr  =  —  9  I.  91.0000000 

pq=  ,00000001 

tp  =  —  8.  2.  92.0000000 

no=  ,0000001 

tn  = —  7.  3.  93.0000000 

lm=  ,000001 

tl  = —  6.  4.  94.0000000 

ik  =  ,00001 

ti=—  5.  5.  95.0000000 

gh=  5OOO1 

tg  =  —  4.  6.  96.0000000 

ef  =  ,001 

te  =  —  3.  7.  97.0000000 

cd  =  ,oi 

tc= —  2.  8.  98.0000000 

ab  =  ,i 

ta  = —  I.  9.  99.0000000 

AB=:  I 

tA=  0  10. 100.0000000 

CDi=  10 

tC  =  -f-  I.  1 1. 10 1. 0000000 

EF=  100 

tD  =  ~f-  2.12.102.0000000 

8.  Let  AB  be  =:i,  or  Unity  (Fig.  IV.)  and  let  | 
tu  be  a  fractional  Number  10  times  as  far  below  U- 
nity  AB,  as  CD  is  above  it  *,  then  will  At=zioAC,  j 
and  fuppofing  the  Number  CDz=io,  ’tis  evident  1 

pi*  ,0000000001  j  if  then,  infiead  i 

of  I 
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of  the  Logarithms  beginning  at  Unity  AB  (as  in 
the  former  Cafe)  we  make  ’em  begin  from  tu=: 
,0000000001,  then  the  Index  of  Logarithm  of  the 
Fralfion  rs,  will  be  i  ;  of  2  ;  of  no^  3 ;  and  fo 
of  Unity  AB,  10  j  and  finceCD=:io,  EFz=ioo  ;  the 
Indices  of  their  Logarithms  will  be  tCzzii,  and 
tDi=i2,  as  is  evident  in  the  foregoing  Table  ; 
where  you  fee  t\iQ  fradt ion al  and  integral  Numbers 
with  Indices  of  three  feveral  Kinds  fitted  to  the  Lo¬ 
garithms  of  the  faid  Numbers. 

9.  That  every  thing  might  be  made  plain,  I  have 
made  the  Index  of  the  Logarithm  of  Unity ^  =zo,  in 
thtjirft  Rank  of  Indices  *,  and  according  (as  we  have 
feen  above)  the  Indices  of  all  the  Logarithms  of 
Numbers  above  AB  will  htpofitive^  as  -f-i,  +2,  Cfr* 
and  of  thofe  below  it  negative^  as  — i,  — 2,  — 3, 
l^c,  as  in  the  Table.  But  if  (as  in  the  fecond  Rank 
of  Indices)  the  Index  of  the  Logarithm  of  Unity  AB 
be  made  =10  *,  then  fhall  the  Logarithms  begin  (as 
before  fuppofed)  from  the  loth  Place  below  it,  viz, 
from  the  Number  ut=, 0000000001,  and  then  all 
the  Indices  of  all  tht  fradlional  Numbers  between 
or  0,0000000001  and  i,  will  be  affir¬ 
mative  or  -pofttive,  and  not  negative  as  before  ;  as  is 
feen  in  the  Table.  So  that  by  this  Method  we  have 
got  fofitive  Indices  for  the  Logarithms  of  Decimal 
Numbers  as  well  as  for  Integral  Numbers ;  and  fo 
both  capable  of  the  fame  Management,  which  could 
not  be  with  negative  Indices^  as  before  fhewn. 

10.  Alfo  in  the  third  Rank  (which  is  here  given, 
not  for  Variety  only,  but  becaufe  ’tis  oftentimes  of 
Ufe)  the  Index  of  the  Logarithm  of  Unity  AB  is  made 
=r;ioo  ;  and  confequently  that  thefe  Logarithms  be¬ 
gin  from  the  Fradiion  which  is  the  \ooth  Proportio¬ 
nal  below  Unity,  in  the  Ratio  of  i  to  10,  or  Iq  to  i. 
Whence  the  Indices  of  Logarithms  of  all  Fradlions 
between  o,  00000000000000000000  0000000000- 
0000000000  0000000000  Goooooeooo  0000000000 

0000000000’ 
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oooooooooooooooooooooooooooooi  and  i,  will 
of  courfe  htpofttive  ;  and  fo  in  thisCJafs,  the  Indices 
of  Logarithms  of  all  decimal  Numbers  {greater  by  far 
than  Ufe^  ortYtwCurioftty^  candefire)  will  bepohtive 
alfo,  as  well  as  thofe  of  the  Logarithms  of  integral 
Numbers  \  and  therefore  in  fhort,  we  have  obtained 
fojitive  Indices  for  the  Logarithms  of  all  Numbers  m 
general,  and  fo  the  Lrouhle  of  Addition  and  Subftrac- 
tion  of  different  Parts  of  Logarithms  at  the  fame 
time,  is  avoided,  as  was  propofed. 

11.  But  (as  I  have  before  obferved,  Chap.  IL 
Art.  1 6.)  the  Indices  of  the  Logarithms  of  Decimals 
fhould  be  diftinguifhed  from  the  Indices  of  Loga¬ 
rithms  of  Integers  in  Operations  ;  and  this  I  think  is 
beft  done  as  there  direded,  viz.  by  fixing  a  Dott  on 
each  Side  the  faid  Indices.  And  thus  manifehly  ap¬ 
pears  the  Reafon  of  ail  that  is  deliver’d  in  Chap.  II. 
from  Art.  13.  to  the  End. 

12.  Now  in  7nultiplying,  dividing,  &c.  of  Frac¬ 
tions,  the  Factors  may  be  either  both  Decimal  *,  or  one 
DecimaU  and  the  other  an  Integer  •,  if  both  the  Fac¬ 
tors  zxtDecimaU  the  Produbl  will  hz Decimal,  in  Mul¬ 
tiplication.  If  the  Fadiors  be  of  different  Sorts,  and 
the  Ratio  of  Unity  to  the  Decunal  be  either  lefs, 
equal  to,  ox  greater  than  the  Ratio  of  Unity  to  the  In¬ 
teger  j  then  fnall  the  Pr  rdubl  be  greater,  equal  to,  or 
lefs  than  Unity,  i.  e.  it  will  he  Integer,  Unity,  or  De¬ 
cimal,  in  multiplying  ;  all  which  will  be  evident  by 
the  following  Examples,  ferving  as  fo  many  Rules 
for  the  right  ordering  of  Indices  in  Operations, 

13.  r  AB  :  cd  ::  ab  cf  1  1  cd  x  ab:=i  x  ef— ef. 

)  tA.  .tc.  .ta.  .te.  V  ^  >.tc.+.ta.— tA+te. 

10.  .8.  .9.  .7.  J  "S  j  .S.-E.p.—io.-f-.y. 

That  is . S.-E.9. — 10.— 7.— 

Index  of  ef. 
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iAB  :  ab ::  EF  :  CDl  t+4  f  abxEF— i  xCDi=CD. 
tA.  .ta.  tE.  tC.  ^  %  .ta.-4~tE=:tA.+tC. 

10.  .9.  12.  1 1,  j -S  (^•9.“b'i2.=io.-f-i  I. 

And  confequently . 9.-4-I2. — ioz=ii.= 

Index  of  CD. 

rAB:abr.  CD  :  ABI  fabxCD—i  x  i=rt 
^  tA.  .ta.  tC.  tA.  >  ^  <  .ta.+tC— tA+tA. 

3-^  10,  .9.  II.  lO.JrS  (^.9.+! i=io-f-io. 

^Therefore . 9.+  11. — ^10=10== 

Index  of  i , 

r  Ab.  cd  ::  CD  :  ab.T  f  CD  x  cd=:  i  x  ab=ab. 

\  tA.  .tc.  tC.  .ta.  ^  u  )  tC.+.tc.=tA.+.ta. 

\  10.  .8.  II.  .9.j'S  I  i i.+-8-~io.-E'.9. 

(^and  therefore  again  .  .  .  11.+8. — io=:.9.=r 

Index  of  ah. 

14.  From  thefe  Obfervations  Well  confider’d,  ’tis 
eafy  to  apprehend  the  Truth  of  What  is  deliver’d  in 
Art.  12.  above.  And  hnce  AB,  in  thefe  Examples  of 
the  Produtls^  hath  for  the of  its  Logarithni  ib, 
’tis  equally  'obvious  what  the  Indices  of  the  Logarithms 
of  the  Produtls  w^ould  be,  were  the  faid  Index  of  the 
Logarithm  of  AB  made  100.  In  prefent  Cafe 
were  tA==io,  if  we  rejcdr  10,  the  Indices  of  the 
Logarithms  of  integral  Products  will  be  the  fame  as 
if  the  Logarithms  began  at  AB  or  Unity  *,  as  is  plain 
in  the  2d  and  3d  Examples  *,  and  accordingly  if 
tAzzrioo,  we  rejecfc  100,  and  the  Cafe  is  the  fame. 

15.  But  fince  ’tis  rnofl  convenient  to  have  the  In¬ 
dices  of  all  Logaritlims  of  integral  Numbers  to  begin 
from  Unity  in  the  fimple  Order,  o,  i,  2,  3,  i^c,  as 
if  the  Logarithms  did  really  begin  from  thence ;  fo 
®tis  but  rejecting  10  from  the  faid  Indices  in  their 
prefent  State,  and  what  we  defire  is  obtain’d. 


Thus 
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Ji.  .8.  +  .9.  —  10  =  .7. 

2.  .9.+.  12.  —  10  =  II. 

3.  .9.+  II.  —  10  =  10. 

4,  ii.“{-  .8.  - —  10  —  .9. 

byrejefling  10  from  ^8.  -f-  .9.  —  o  =  .17. 
the  Indices  of  thej.9.  -i-  2  —  o  =z  ii. 
Logarithms  ofin-j  .9.  •-{-  i  —  o  n-  10. 
UgerSy  becomes  (_i  +  8  —  0  =  .9. 


I. 


o. 


Then  from  the  Sums  .17.  ii,  10.  .9.  again  rejeding 
10  (where  *tis  found)  we  have  the  Remainders  .7.  i. 
o.  .9.  the  true  Indices  of  the  Logarithms  of  the  Pro- 
dulis^  as  required. 

16.  If  either  Fadior^  or  the  Product  of  them, 
exceeds  the  Limit  of  Vao-oooo-oooo^  is  lefs  than 
5OOOOOOOOOI,  we  fhall  find  it  mod:  convenient  to  ufe 
the  Indices  of  thofe  Logarithms  of  which  the  Index 
of  the  Logarithm  oi  Unity  or  AB  is -r  100,  viz, 
thofe  Indices  in  the  3d  Clafsin  Table  of  Art.  8.  here¬ 
of.  And  if,  in  all  the  foregoing  Cafes,  inftead  oire- 
jedling  lO,  we  now  reje(5t  100,  we  fhall  have  the  In¬ 
dices  of  the  Logarithms  of  the  Produdls  the  fame 
kind  as  before. 


Thus 


.98.  -{- 


by  rcjeding  lOO 
becomes 


loi.  +  .98. 


100  = 
100  = 
100  = 
100  = 

—  O  " 

—  O  =: 

—  On 

—  On 


=  -97- 

=  lOI. 

:  100 
:  .99. 

.197. 

lor. 

100. 

199. 


•97- 

I. 

o. 

,99. 


Thus  here  you  fee  the  Effed  the  fame  as  above, 
yfr/.  15.  if  .97.  .99.  be  deduced  from  ioo,  as  .7. 
.9.  were  from  10,  the  two  middle  Indices  being  the 
fame  in  both  Cafes, 

^7- 
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17.  In  Divijton^  the  Divifor  is  to  Unity  as  the  Divi- 
dend  is  to  the  d^uotient  \  and  fo  the  Diftance  between 

.1  Unity  and  the  Divifor  is  equal  to  that  between  the 
Dividend  and  Quotient.  If  then  the  Fradlion  ef  be 
i  divided  by  ab,  becaufe  a  A  is  =ec,  therefore  cd  is  the 
;‘i  ^iotient,,  the  Index  of  whofe  Logarithm  is  tc  ;  but 
tc=tAH-te — ta.  Alfo  if  the  Integer  QD  be  divided 
I  by  the  Fraction  ab,  becaufe  aA=VE,  therefore  EF 
^  is  the  integral  ^otient  whofe  Logarithm  is  tE  ;  but 
J  tEz=:tA4“tC — ta.  Again,  let  tht Fraction  ab  be  dL 
||!  vided  by  the  Integer  CD.  becaufe  CA=ac,  there- 
i!  fore  the  Fr  alt  ion  cd  is  the  S^uotient  i  whofe  Loga- 
i:l  rithm  tc=tA4=-ta— tC  ;  that  is^  in  every  Cafe,  the 
ill  Logarithm  of  the  Divifor  being  taken  from  the  Loga^ 
iS  rithm  of  the  Dividend^  if  to  the  Remainder^  you  add 
;i  the  Logarithm  of  Unity ^  the  Sum  will  be  the  Loga- 
!il  rithm  of  the  Fpuotient :  which  is  but  the  Converfe  of 
;i  the  Rules  for  the  Logarithms  \w  Multiplication^  as  is 
if  evident  by  Inipecftion  of  Art.  13.  foregoing.  And 
15;  the  Methods  there  mentioned  for  duely  adjuiiing  the 
fii  Indices^  are  to  be  equally  obferVed  here* 

18.  In  Involution^  or  railing  Pozvefs  of  Frac^ 
iJl  tions^  *tis  evident  that  the  Diftatice  between  Unity  and 
|>!  the  Root^  is  equal  to  the  Diftance  between  the  Root 
;>!  and  the  firfl  Power ^  the  firfi  and  fecond  Power^  the 
\\  fecond  2ind  third  Power ^  and  fo  on.  Therefore  fince 
\l  Aa^rabzucezzeg,  cdzzz  Square  of  ab,  ef  iz:  Cube^ 
lii  gh=  Biquadrate^  &c.  Power  of  the  Root  ab.  But 
.  lince  AB  :  ab  ab  :  cd  ::  cd  :  ef ::  ef:  gh,  fffc,  there- 
I  fore  the  Logarithms  tA-|-tci=:2ta,  and  fotci=:2ta — -tA. 
L;  That  is,  the  Logarithm  of  the  Square  of  the  Root  is 

I  equal  to  double  the  Logarithm  of  the  Koot  I efs  the 

Logarithm  of  Again,  =:tc=2ta — tA;, 

ij  and  fo  ta--l-te™4ta — 2tA  that  is,  te=3  3ta — 2tA  % 

I I  in  Words,  the  Logarithm  of  the  Cube  is  equal  to 
t  triple  the  Logarithm  of  the  Root^  lefs  double  the  Lo- 

F  garithm 
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garithm  oiUnity.  Moreover,  ^e=3ta — 2tA^ 

therefore  tc  tg=6ta  — ^4tA  *,  but  tc=2ta — tA, 
fubdud:  this  from  the  lajl  Equation^  there  will  re¬ 
main  tg=:4ta — 3.ta  \  or  the  Logarithm  of  the  Bi- 
quadrate. 

19.  And  u7ti'verfaUyy  if  the  Power  of  a  Frac¬ 
tion  be  Xy  and  the  Logarithm  =  L,  the  Loga¬ 
rithm  of  the  Power  x  (hall  be  =vL — x — i  xtAy 
or  =  L — X  tA  -|-  tA.  Thus,  fuppofe  you  would 
know  the  Logarithm  of  the  Square  of  the  Fradiion 
dc  j  here  Xz=z2y  and  L=tc,  therefore  2tC — tAnrtg, 
the  Logarithm  of  the  Square  gh,  as  required.  If  the 
Logarithm  of  the  Cube  bedehred.of  the  Fraction  ef,, 
we  have  ;^n=  3,  L==:te,  and  fo  3te — 2tA=tr,  the 
Logarithm  of  the  Cube  rs,  as  dehr’d.  And  thus  you 
proceed  for  the  Logarithms  of  other  Powers, 

N.B.  ThQ  Indices  of  Logarithms,  of  all  Powers 
of  Fraliional  Numbers  (I  mean  fuch  as  purely 
fo)  muft  be  doubly  dotted^  fiirce  thofe  Powers  al¬ 
ways  fall  below  the  Rooty  which  is  fuppofed  a 
fiere  Frail  ion, 

20.  Evolution ,,  or  the  ExtraHion  of  the  Roots  of 
Powers,,  is  juft  the  reverfe  of  the  foregoing  Procefs, 
For  fuppofe  xho  Frail  ion  cd  were  given,  v^hofo  fquare 
Root  was  required.  Becaufe  AB  :  ab  ::  ab  ;  cd,  there- 

fore  AB  x  cd=abxab  ;  and  fo'^ABx  cdnzab  •,  there¬ 
fore  the  Logarithm  —ta,  is  the  Logarithm  of' 

ab  thtfquare  Root  fought.  Alfo  if  the  Cube  Root  of 
xktFratlion  ef  be  required ;  becaufe  AB  :  ab  ::  cd  :  ef, 
we  have  AB  x  ef  r=:ab  x  cd  *,  and  fo  the  L^ogaiithms 
tA  te=  ta-f-tc.  But  tA-f-te — taiir:tc=r2ta — tA,. 

that  is,  3ta=2tA — te,  and  confequently  •— — t-a 

3 

the  Logarithm  of  ab  the  Cube  Root  required. 


21. 
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21.  And  univerfally,  if  the  Logarithm  L  of  the 
Root  of  any  Rower  of  any  Fraction  rs,  be  required, 

we  have  iKisRheorem  =L,  or 


:i  =:L=te,  that  is,  in  Words,  the  Numbers — ixtA 
)  added  to  the  Index  of  the  Logarithm  of  th^Fraliion^ 
i  the  Logarithm  thus  augmented  being  divided  by  x, 
J  the  FiuQtient  fhall  be  the  Logarithm  of  the  Root 
^  fought.  Or,  fincetA=io,  i op,  the  Number  — i 
[  prefix’d  to  the  Ind^x  of  the  Logarithm  of  the  Power, 
:  and  the  Logarithm  thus  divided  by  the  ^otjent 
r  fhail  be  the  Logarithm  of  the  Root  fought. 


CHAP.  V. 

;*  The  original  ConJlruBion  of  Logarithms  by  the 
Lord  Neper,  and  the  Alteratim  thereof  to  the 
prefent  Form  by  himfelf  and  Mr.  Briggs,  ex-- 
plamd and illuf  rated  by  Logarithmic 

Curve. 

I.  F |‘ 'A  H  E  noble InventerofL6)^(2nV/^w5,  thel.ord 
X  Neper ^  having  duely  contemplated  their 
wonderful  Nature,  firft  conftrudled  and  publifn’d  a 
Canon  thereof ;  but  thofe  far  different  from  what  \vc 
I  now  commonly  ufe.  And  this  was  no  Wonder,  fines 
:  fcarcely  any  thing  receives  its  Invention^  and  ulmofi 
Perfeltion  at  the  fame  time. 

2.  In  the  firft  kind  of  Logarithms  that  Neper  pub- 
i  liflied,  the  firjt  Perm  of  the  continual  Proportionals^ 
was  placed  only  fo  far  diftant  from  Unity zsUhat 
:  exceeded  Unity.  Thus,  for  Example,  if  on 

be  the  firfi  Ferm  of  the  Series  from  Unity  AB  (fee 
Pig.  I.)  the  Logarithm  thereof,  or  the  Diftance  A  n, 
i  or  B  y,  was  by  him  put  equal  to  vy  or  the  Increment 

F  2  of 
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of  the  Number  n  y  above  Unity.  If  then  we  fuppofe 
vn=i.ooooooi,  the  Excefs  of  this  Number  above 
AB=i,  is  0.0000001,  v/hich  therefore,  by  him, 
W2iSm''^\xsLogarith?n  ;  that  is,  A nz=o. 000000 1.  ' 

3.  From  hence,  by  Computation,  the  Number 
10  will  be  the  23025850th  ^ermoi  the  Series  ;  which 
Number  therefore  is  the  Logarithm  of  10  in  this  Form 
oiLogarilhms  i  and  expreffes  its  Diftance  from  Unity 
jn  fuch  Part  whereof  vy,  or  A  n  is  one.  Alfo  the 
Logarithm  of  2  (in  this  Form)  is  6931471  ;  of  3,  is 
10986122  of 4,  is  13862943,  (Fc. 

4. ^  But  this  Pq/ition  of  the  Ratio  of  the  Terms  is 
entirely  <3/  Pleafure  j  for  xF^  Liftance  of  the  jirft  Perm 
may  have  any  given  Ratio  to  its  Excefs  above  Unity  \ 
that  is,  An  maybe  indifferently  lefs^  equal  to  ^  or 
greater  than  vy  \  and  according  to  that  various  Ratio 
(which  may  be  fuppofed  at  pleafure)  between  A  n,  or 
B  y  and  vy,  i.  e,  the  Increment  of  the  firft  Perm  a- 
bove  Unity ^  and  the  JOiftance  of  the  fame  from  Unity ^ 
there  will  he  produced  different  Forms  of  Loga- 
pthms, 

5.  The  Logarithms  of  this  firft  Form^  were  found 
by  the fagacious  Inventer  not  to  anfwer  the  Defign  in 
the  befi:  manner  as  could  be  wifh’d  ;  and  therefore 
he  changed  ’em  into  another  more  convenient  Form^ 
wherein  he  put  the  Number  10,  not  asthe  2  3025850th 
Ferm  of  the  Series,  but  the  1 0000000th  Perm  :■  And 
after  Neper's  Death,  the  learned  and  indefatigable 
Mr.  Briggs^  with  great  pains ^  made  and  publifh’d  a 
Canon  of  Logarithms  according  to  this  new  Form.. 
Now  fince  in  this  Canon  the  Logarithm  of  10  is 
1. 0000000,  and  fince  i,  10,  100,  1000,  Ur.  are 
Proportionals.,  they  /ball  be  equidiftant  from  each 
other;  wherefore  the  1  ogarithm  of  100  fhall  be 
^.0000000;  of  1000,  3.0000000,  and  the  Loga^ 
rithmof  10000  will  604,0000000,  and  fo  on.  And 
^his  Form  of  Logarithms  hath  been  ever  fince  in  ufe, 
and  are  thofe  in  prefent  Ufe  ;  the  Nature  and 

Properties 


i  Chap.  V.  explained  and  illujlrated,  37 

,j  Properties  of  which  we  have  been  hitherto  explain- 

6.  The  Rationale  of  the  Method  by  which  Mr. 
k,  Briggs  computed  his  Logarithms,  is  beft  explain’d 
li  from  the  Logarithmetic  Curve^  according  to  Dr.  Keip 
1;  asfollows.  lnXhtLogarithmeticCurve¥i^'D{Vigy .) 

Jet  there  be  three  Proportionals  AB,  ab^  qs^  very 
[  nearly  equal  to  one  another  ;  that  is,  let  their  Diffe- 
I  rences  have  a  very  fmall  Ratio  to  the  faid  Ordinates^ 

I  (for  fuch  arethofe  Proportionals,)  and  then  theZ)//- 
^  ferences  of  the  Logarithms  will  bie  proportional  to  the 
Differences  of  the  Ordinates  ;  that  is,  it  will  be 
sr :  be  ::  Br  :  Be  ::  Aq  *.  Aa.  For  fince  the  Ordinates 
AB,  ab^  qSy  are  nearly  equal  to  one  another,  they 
will  be  very  nigh  to  one  another  and  fo  the  Parts  of 
I  the  Curve  Bj,  B^,  intercepted  between  them,  will 
I  nearly  coincide  with  a  Right  Line  ;  for  it  is  pofTible 
I  that  the  Ordinates  may  be  fo  near  to  each  other,  that 
I  the  Difference  between  the  Part  of  the  Curve  and  the 
Right  Line  fubtending  it,  may  have  to  that  Subtenfe^ 
a  Ratio  lefs  than  any  given  Ratio.  Confequehtly  the 
Triangles  Bcb,  Brs,  may  be  taken  for  Right-lined 
ones,  and  will  be  equiangular :  and  therefore,  lince 
a  b  is  parallel  to  qs,  they  will  be  fimilar^  and  their 
homologous  Sides  proportional  ^  viz,  rs  :  be  ::  Br  :  B^^* 
or  Aq  :  Aa. 

7.  From  hence,  by  the  way,  appears  alfo  the  Rea- 
fon  of  the  Corredlion  of  Numbers  and  Logarithms  by 

^  .Differences  and  proportional  Parts,  For  putting 
AB=i,  or  Unity,  ’tis  evident,  that  the  Logarithms 
Be,  Br,  are  proportional  to  the  Differences  cb.,  rs^  of 
the  Numbers  AB,  rs  ;  as  we  fhall  hereafter  prove 
'  by  FoMs.^  in  xFt  practical  Part. 

8.  If  a  mean  ProportionalhQ  found  between  i  and 

!  10,  and  then  again  another  Mean  between  that  and 

Unity ;  and  if  proceeding  thus,  you  continually  find 
a  mean  Proportional  between  the  Mean  laft  fotind  and 
Unity blfeding  the  Logarithms  ftili  as  you  proceed 

{III 
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(in  the  manner  of^he  Example  in  Chap.  II.  Art.  6.) 
you  will  at  laft  get  a  Number  whofe  Diftance  from 
Unity  lhall  be  lefs  than  the  Part  of 

the  Logarithm  of  10. 

9.  After  Mr.  Briggs^  in  this  manner,  had  made 
54  Extra5iions  of  the  Square  Root^  he  arrived  to  the 
Number  i. 00000 00000 00000  12781  9149320032- 
3442,  and  its  Logarithm  was  0.00000  0000000000- 
05551  1 1512  31257  82702.  Suppofe  this  Logarithm 
be  equal  to  Kq  or  Br  ;  and  let  the  Number  found  by 
thisExtradlion,  htzizqS',  and  then  its  Excefs  above  U- 
nity  will  be  =zrs, 

^Ay==o.oooooooooooooooo555i  1 1512- 
3125782702. 

That  is, ^  qs  =11.00000  00000  00000  12781  91 493- 

200323442. 

rs  =10.00000  00000  00000 12781  91493- 
200323442, 


I 


10,  Now  by  means  of  tbcfe  Numbers  the  Loga¬ 

rithms  of  all  other  Numbers  may  be  found  in  the  fol¬ 
lowing  Manner.  Between  th^ given  Number  (whofe 
Logarithm  is  to  be  found)  and  Unity\  find  (by  the 
Kxtrablion  of  Roots,  as  above)  fo  many  mean.  Pro¬ 
portionals  till  at  laft  a  Number  be  obtain’d  fo  little  ex- 
ceedingUnit)\  that  there  be  15  Cyphers  next  after  it, 
^.nd^s  ftgnific ant  Figures  after  thofe.  Suppofe 

the  fmall  Number  thus  found  be  ab^  and  let  the  Jig- 
nificant  Figures  with  the  15  Cyphers  prefixed  before 
them,  denote  the  Difference  be  \  then  fay,  as  the 
Difference  rs  is  to  the  Difference  be.,  fo  is  the  given 
Logarithm  Br,  to  Be  the  Logarithm  fought  for  the 
Number  ab.  If  now  this  Logarithm  Be  or  Aa,  be 
continually  doubled  the  fame  number  of  times  as  there 
were  Extrablions  of  the  Square  Root,  you’ll  have  at 
laft  the  Logarithm  of  the  Number  propos’d  as  re¬ 
quired. 

11.  If  the  Langent  TB  be  drawn  to  touch  the 
Curve  in  B,  then  may  the  Subtangent  AT  be  found 

by 
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by  the  Numbers  above  in  Art,(^.  For  fince  AB, 
Br,  are  parallel  to  n,  AT  •,  therefore  the  Right 4in'd 
triangles  BrJ  and  BAT,  are  fimilar,  and  fo  'as 
sr :  rB  ::  AB  :  AT,  the  Subtangent  *,  but  hnce  AB=i, 

therefore  —  =AT  \  or  thus  5 

sr 

As  rs  z-o.ooooo poooo 00000  12781  91493  £0032- 
3442, 

Is  to  Brzzo.ooooo  00000  00000 0555 1 11512  31257- 
8270, 

!  So  is  AB=  1 .00000  00000  00000  00000  00000  00000 
0000, 

to  AT=0.43429448i90325i  82765  11289  18916- 
6051. 

12,  If  the  proportional  Right  Lines  GH,  EF,  AB, 

^  CD^  (Fig.  V.)  are  Ordinates  to  the  Axis  CV  of  the 
V  Logarithmetic  Curve ^  and  if  their  Ends  FH,  DB,  be 
^  join’d  by  Right  LiniiSy  which  produced  meet  the 
I  Axis  in  the  Points  P  and  K,  then  the  Right  Lines 
\  GP,  KA,  will  be  always  equal.  For  finceGH  :  EF 
I  ::  AB  :  CD  ;  it  will  be,  as  GH  :  Ft ::  AB  :  DR  (by 
;  Chap,  11.  Art.  8.)  But  becaufe  of  the  Jimilar  tri¬ 
angles  PGH  HtF,  as  alfo  KAB  BRD,  we  have 

'  PG  :  Fit  (::  GH  :  Ft  r:  AB  :  DR)  ::  KA  :  BR. 

1  But  Htz=BR,  and  therefore  PGi=AK ;  which  was 
3  to  be  demonftrated. 

13.  If  the  Right  Lines  CD,  EF  equally  accede  to 
;f  AB,  GH,  fo  that  the  Point  D  at  laft  may  coincide 
[/  with  B,  and  the  Point  F  with  H,  then  the  Right- 
i.  Lines  DBK,  FHP,  which  did  before  cut  the  Curve, 

I  will  now  only  touch  it  in  the  Points  B  and  H  ;  that 
[i  is,  they  will  be  chang’d  into  the  tangents  BT,  and 
1  HV.  And  fo  the  Right-Lines  AT,  GV,  will  al- 
1  ways  he  equal  to  each  other  ;  and  fo  the  Suhtangent 
I  AT  ,  or  GV,  in  whatever  Part  of  the  Axis  it  be,  is 

always  one  conftant  given  Length  ;  and  this  is  one  of 
I  the  mofl:  remarkable  and  ufeful  Properties  of  the  Lo¬ 
garithmic 
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garithmic  Curve :  For  the  different  Species  or  Forms 
of  thofe  Curves  are  determined  by  Sub  tangents, 

14.  If  thq  Excefs  cb  of  any  Number  a  b  extremely 
near  Unity,  or  but  a  [mall  matter  exceeding  it,  be 
given,  the  Logarithm  of  its  Diftance  from  Unity  Kd 
or  B<:,  will  be  known  by  means  of  the  conftant  Sub^ 
tangent  AT  ;  for  by  Art.  1 1.  we  have  he  :  Be  ::  AB 
:  AT  ;  therefore  AT  x  ^ci=:Bc  x  ABzzBc,  the  Loga¬ 
rithm  required.  Thus  alfo  AT  x  rszuBr^  the  Loga¬ 
rithm  of  the  Number  qr  ;  and  fo  the  Logarithm  of 
any  prime  Number  2,  3,  7,  ii,  13,  may  be 
found  independently  of  the  Logarithm  of  any  other 
Number. 


CHAR  VL 

A  Method  of  conftrudlmg  the  Logarithms  derived 
and  demonflrated from  the  Nature  of  Numbers 
only^  by  Dr,  Edm.  Halley. 

I.  ^  I  H  E  admirable  Method  now  before  us,  is 
J|  one  of  the  many  great  and  wonderful  In¬ 
ventions  and  Difeoveries  of  the  celebrated  Dr.  Halley 
the  AJironomer  Royal^  and  Fellow  of  the  Royal 

Society  ;  and  whofe  Name  amongft  the  Literati  will 
be  had  in  everlajling  Remembrance.  This  Method 
not  only  comprehends  all  the  Improvements  made 
by  others  by  means  of  the  Hyperbola  and  other  Geo¬ 
metrical  Figures,,  but  fhews  with  great  Accuracy 
from  the  pure  Properties  of  Numbers  (as  moft  natu¬ 
ral  and  agreeable  in  a  Bujinefs  purely  Arithmetical,,  as 
the  Logarithmotechny  is)  how  the  Logarithms  may 
be  produced  to  ^;ry  defined  Number  of  Places.,  with 
far  greater  Eafie  and  Expedition  than  by  any  Method 
before  known.  According  to  him^  therefore. 


2. 
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2.  Stippofe  an  infinite  Number  of  equal  Ratio's  or 
Ratiuncula  between  any  two  Terms  in  a  continued 
i  Scale  or  Series  of  Proportionals ,  and  thofe  Ratiun^ 
I  exprefs  the  of  thofe  two  Terms,  as  of 

j|  %  to  i-j-x  If  then  between  (i)  and  any  Num- 

[her  propofed  there  be  taken  any  Infinity  (n)o{ 

mean  Proportionals^  the  infinitely  little  Augment  or 
^  Decrement  of  the  firft  of  thefe  Means  from  Unity  will 
?!  be  a  Ratiuncula  or  Fluxion  (fi)  of  the  Ratio  of  Unity 
to  the  faid  Number  *,  and  the  Terms  of  the  Series 

- -  ■z - - - 3 - 4 

will  ftand  thus  ;  viz.  i.  i+x. 

- n 

&c.  to  .  and  the 

o.  I.  2.  3.  4.  £s?r.  to  «  ;  or  thus, 

o.  X.  2^.  ^x.  i^c.  to  nx. 

1”  From  whence  ’tis  evident  that  not  only  the  Number 
I  (n)  of  thQ  Proportionals  or  Ratiuncul^^  but  alfo  their 
i|  Sum  (nx)  may  be  put  for  the  Logarithm  of 
.1  And  thus  aKoNj  maybe  put  =: Logarithm  of  i+y, 

■]  and  confequently  it  will  be,  as  L,  1+^ :  L,  i+jy 
nx  :  Ny. 

3.  If  yzzzy^  that  is,  if  the  Ratiuncula  compofing 
divers  Rations  have  the  fame  Magnitude,  then  are 
j  thofe  Ratio'' s  proportional  to  the  Numbers  of  Ra^ 
i  tiy,ncula  contain’d  between  their  Terms,  viz. 

I  L,  1+^  :  L,  i-f-JV  :•  n  :  iV.  For  if;;=i,  andjyz=2  ; 
then  i4-;v’zi:2,  and  1+71=3  and  if  ;/=:3oi03,  (sfc. 
N  will  be  found  =1:477 12,  &c.  that  is,  if  there  be 
i  the  infinite  Number  30103,  of  Ratiuncula  in  the 
\  Ratio  of  I  to  2 ;  there  fiiall  be  the  infinite  Number 
j  47712,  f^c.  of  the  fame  Ratiuncula  in  the  Ratio  of 
!  I  to  3- 

4.  On  the  contrary,  if  nz=zN^  then  L,  1+^  :  L, 

'  1+7  ::  ^  :  j;,  that  is,  fuppofe  the  infinite  Number  of 
i  Ratiunculte  in  one  Ratio  equal  to  the  infinite  Number 
i  of  Ratiuncula  in  any  other  Ratio^  then  are  the  Lo-^ 

J  garithms  of  thofe  Ratio’^  dire<^ly  as  their  Fluxionsy^ 

G  ”  or 
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or  as  the  Magnitudes  of  the  Ratiuncul£  refpedlively. 
For  infcance,  let  the  Ratio  of  lo  to  i,  lOO  to  i, 
looo  to  I,  ^c.  all  and  every  of  them  be  fuppofed 
to  confifi:  of  5  RatiunculcC  ,  as  follows:  Thus, 

{Ratio’s  o.  I,  2.  3.  4.  5. 

Terms  i.  10.  100.  1000.  10000.  100000, 
Ratiunc.  5-1;.  ^w.  5.V.  5j.  5Z,  ^c, 

®Tis  plain  the  Ratiuncula  v  of  the  whole  Ratio  of  10 
to  I  IS  T  ;  of  100  to  I,  is  f,  that  is,  the  Ra- 

tiuncuU  are  v=:z\^  t,  but  thofe 

Fractions  are  as  the  natural  Numbers  i,  2,  3,  4,  5. 
Wherefore  the  Logarithms  of  the  Ratio’s  of  10  to  i, 
100  to  I,  1000  to  I,  (Fc.  are  diredly  as  the  natu¬ 
ral  Numbers  i,  2,  3,  4,  5,  ^c.  and  fo  may  be  ex- 
preffed  by  them. 

5.  Since  then  the  Logarithms  of  Ratio’s  are  as 
their  Fluxions^  therefore  the  Logarithm  of  any  Num¬ 
ber  is  found  by  taking  the  Difference  of  Unity  and  the 
infinite  Root  of  that  Number  \  that  is,  becaufe  1+^' 


is  the  firft  Term  from  Unity,  or  Rathmcula^  y-FA 


zui+.v,  is  the  infinite  Power  to  be  refolv’d  ;  and 

n  . . . . —  — 

\/ i-j-a;,  or  and  fo  Lo¬ 

garithm  of  i-Fx, 

6.  In  order  to  extracfl  the  Root  of  the  infinite  Power 
(which,  to  fome,  may  feem  ftrange  and  next 
to  impoffible)  we  mufi:  make  ufe  of  Sir  Ifaac  New  ton’s 
celebrated  Theorem  for  that  purpofe.  Suppofing 
then  the  Power  be  according  to  his  Theo- 

- - ^  ^  ^  ^  I — n  ^  I — '^n~\-2nn  ^ 

rem,  i  +x’‘=:  i  4-i^<'+ 

.  1  6»^  ^4  Root  of  the  Power 

when  the  Index  (n)  is  finite  ;  but  (n )  being  in 
the  prefent  C^{q'  infinite^  all  the  Terms  of  the  Co- 
iffcients,  wherein  (nn)  is  found  a  Divifor  (as  being 
infinitely  infinite)  will  vanifh;  as  being  infinitely  lefs 

than 
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than  nothing. 

t 

—  5  and  - 


2» 


o/Lo  G  A  R  I  T  H  M  S. 

But  the  Co- efficient  - — ^  ^ — L  — 

-  -■  _L.  JL  =  -  ;  Alfo  the 

6u^  6nn  ‘  3'^ 


Coefficient 


I — I  >?>7 - 6»^  I  ! 

24??+  7”  J  4?z 


Wherefore  the  foregoing  Root  will  become  — 
-inx^  -f-  \nx^  - —  \nx^-\-\nx'\  &c.  That  is. 


_____  T 

«  X  - -kxx-i-jxxx - ix"^ - ix^^  &C.  =  I  -\-X^ - 1 


Logarithm  of  i  -^x. 

7.  And  whereas  the  infinite  Index  (n)  may  be  taken 
at  pleafure,  an  Infinity  of  different  Scales  of  Loga¬ 
rithms  may  be  produced  ;  and  thofe  different  Loga¬ 
rithms  will  be  to  one  another  as  or  reciprocally  as 

the  Indices  {n).  And  as  it  hath  been  fnewn  (in 
Chap.  Y.)  .that  in  making  the  firfi  kind  ofi Logarithms 
by  Neper ^  the  infinite  Index  of  the  Logarithm  of  10 
would  be  23025850,  fffr.  But- in  making  the  fe- 
cond  fort  after  by  Briggs^  the  faid  infinite  Index  was 
put  =210000000,  i^c.  Confequently  in  the  fore¬ 
going  Series  for  Logarithms,  if  ;2— 10000000,  &c. 
the  Lord  A^^7>^r’s  Logarithms  will  be  produced  •,  and 
the  Series  will  be  /imply  x — — Ix'^-Y^x^  &c. 
On  the  contrary,  if  ;2— 23025850,  then5r(^^j’s 
Logarithms  will  arife  from  the  Series  ”,  and  becaufe 
^  2=  =0.434229448,  therefore 

^  (=AT)  is  the  Sub  tangent  of  the  Logarithmic  Curve 

for  the  Briggian  Logarithms^  as  is  plain  from  Chap.  I. 
V.  Art.  II.  Whence  if  a  Logarithm  of  Neper'^s 
Form  be  multiplied  by  0.43429448,  &c.  or  divided 
by  2.3025850,  it  is  converted  into  a  Logarithm 
of  Briggses  Sort,  or  thofe  in  prefent  Ufe. 

8.  If  the  Logarithm  of  a  decreafing  Ratio  be 
fought,  as  of  i  to  i—x,  the  Power  being  i — x,  its 


infinite  Root  will  be  i—x^^i~nX' — knx"^ — ^nx'^ — > 

G  2 


/ 
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Inx^ — \nx\Scc,  that  is, 

_ _i 

&c.  rzi — I — x^z=:x=:  the  Logarithm  of  i  — x  the 
JirJ}  Term  next  below  Unity,  or  Root  of  this  infinite 
decreafing  Series  being  i — x.  And  fo  in  this  Cafe, 
according  as  the  infinite  Index  (n)is  made  =:iooooooo, 
&^e.  or  2.3025850,  £s?r.  {o]Sleper'*s  or  Briggses,  Loga- 
rithmsof  thofe  negative  Numbers  will  be  produced. 

9.  Inftead  of  the  Terms  i  \tt  a\h  exprefs 

the  Terms  of  any  Ratio  univerfally  ;  and  make 
a~\~bz=:s^  and  a — b—d ;  and  fince  it  is  i  :  i-f-^  ••  eiiby 

therefore  a-\-ax=ib^  and  fo  zr  =  —  .  Again 

a  a>  ^ 


becaufe  (in  the  decreafing  Ratio)  it  is  i  :  i — x\:b:  a  ^ 
therefore  b — bxzna^  and  fo  we  have  again  x  = 

==  ~  .  Whence  the  Logarithm  of  the  fame  Ratio 

a  :  by  may  be  doubly  exprefs^ d  j  viz.  for  the  encreafing 
Ratio^  the  Series  will  be 


nX  L  —  ■^  +  —  —  -^4-—  5  or. 


—  V 

n  ^ 


-  + 
A  i 


&c.  for 


±  Jr  —  ^  + 

b  ^  zbb  ^  '  4f  \  >- 

the  decreafing  Ratio  ;  all  which  is  evident  from  the 
three  laft  Articles. 


10.  But  if  wefuppofe  the  Ratio  of  a  toby  viz.  A 

compofed  of  two  Parts  ;  viz.  of  the  Ratio  of  a  to 
the  Arithmetical  Mean  between  the  Terms  a  and  by 
and  of  the  Ratio  of  the  faid  Arithmetical  Mean  to 


the  other  Term  b*y  that  is,  fuppofe  ^  x  y  , 

(for  ks  =  is  the  Arithmetical  Mean  between  a 
2 

and  h\)  then  the  Sum  of  the  Logarithms  of  thofe  two 
Ratio’s,  will  be  equal  to  the  I.ogarithm  of 


the  Ratio  of  a  to  b. 


And 
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And  thus  alfo  we  have  L,  2d4.L— =:L  — 

i  i  d  • 

Now  becaufe  the  Ratio  of  ks  to  b  is  encreahng,  there¬ 
fore  I  :  I  +  ^  ^  fo  I  4-  zi:  -1 ;  con- 

n  1  If  b %S  d 

lequently  - i=  -r^  =  —  a-new;  again, 

7.^  ^ 

becaufe  the  Ratio  of  h  to  a  is  decreaftng  ;  therefore 
^ I  :  I  —  and  fo  i  —  x  ^  \  and 

h  s 

J 

II.  Therefore  fince  x  z=.  —  for  both  Ratio’s,  viz, 

5 

of  a  to  and  Is  to  we  fhall  have  (by  the  fore- 
going  Rule,  Art. 

+  9  =  (-^)  L>  ^  to  and  r  x  - _ ^ 

5)^  S  2S 

+ F  “  4^'  + 

7*  +  "^*  +  =  (A-{-B)L,  atoA 


Thus  you  have  a  Series  expreffing  the  Logarithm  of 
the  Ratio  of  a  to  whofe  Sum  is  sz=ia-\-b^  and  Dif¬ 
ference  A-=La-\-b :  and  this  Series  converges  twice  as 
fwift  as  the  former  in  Art.  8.  and  therefore  is  more 
proper  for  making  or  examiningoi Logarithms,  which 
it  performs  with  great  Expedition,  when  d  the  Dif¬ 
ference  is  but  the  looth  Part  of  s  the  Sum  ;  the  firft: 

Step  ^  fufficing  for  7  Places  of  the  Logarithm,  and 

2d  ^ 

the  fecond  “7  for  1 2  Places. 


12.  Becaufe  the  Difference  of  the  Logarithms  of 
the  Rations  of  a  to  Is,  and  Is  to  h  is  the  Logarithm 
of  the  Ratio  of  ah  to  Iss  \  or  thus,  becaufe 
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1'  __  T 

“  T  —  -Lii  T~ 

iit ,  4i\  £5?,.  but 


6s^  ’ 


—  ~  -i  therefore  the  L,  ^ 

(A-B)  =-x 
half  the  Ratio  .-is  the  Ratio  (for  %  tit  - 

^ss  4s  As 

that  is,  the  Ratio  of  the  Geometrical  Mean 
'^~ab  to  the  Arithmetical  Mean  k  s  ;  confequently 
the  Logarithm  of  Jx 


i£c,  which  is  a  Theorem  of  good  Difpatch  for  find¬ 
ing  the  Logarithm  of  is. 

13.  But  the  fame  Logarithm  may  yet  be  much  more 
advantageoufly  obtained  by  a  Method  like  the  for¬ 
mer.  For  if  we  make  the  Terms  of  the  Ratio 

^  ,  and  put  S  zn  ah  iss,  the  Sum  of  the 

^ss  £ 

Terms ,  and  Id  z=l  ah  ^ —  iss  *,  ’tis  evident  the 

T  *..1.  C  I  ,  2D^  , 

Logarithm  of  _  -J  =  -  x  —  +  _  + 

— '  !  (Sc.  by  Art.  ii.  But  becaufe  iss  = 

\a^  4-  };ah  therefore  Y>  z=(  ah  —  iss  •=.  ah  — 

-f-  iah  4-^  ihh  =  la'^  —  kah  -j-  Ihh  z=l^ ia  — 

=  id^  =1,  in  the  prefent  Cafe  of  finding  the  Loga¬ 
rithms  of  Prime  Numbers-,  for  fuppofe  the  Loga¬ 
rithm  of  23  be  fought,  then  <2  =  22,  h-=.  24,  is  =1:23, 
and  d  zz:  2  ;  alfo  528,  and  5=  iss=  529, 

and  therefore  ah — IssznA — B—Dzzz\dczizi .  Where- 

•m 


fore,  finceD— I,  the  Series  above  becomes  ^  x  ~ 

«  S  t- 

^  4“  ^  ^  ~  Logarithm  of  the 

Ratio  of  5  and  fo  the  half  of  it,  viz.  the  Series 


&c.  =;  the  Loga- 
richm 
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rithm  of  the  Ratio  of  ^ ab  to  4s.  And  this  converges 
much  fooner  than  any  Theorem  hitherto  invented, 
and  beyond  which  nothing  better  can  be  hoped  for, 
in  great  Author'* s  Opinion. 

14.  The  Logarithm  given  to  hnd  what  Ratio  it 
exprefles,  is  a  Problem  folv’d  with  like  Eafe^  and  de- 
monftrated  by  a  like  Procefs  to  that  foregoing  for 
finding  the  Logarithm  of  2.  given  Ratio.  Fctt  as  the 
Logarithm  of  the  Ratio  of  i  to  i-\-x  was  proved  to 

_ X 

be  — I,  (by  Art.  5.)  and  that  of  the  Ratio  of 

_  1 

I  to  I — X  to  be  I — I — x^  (by  Art.  8.)  fo  the  Loga¬ 
rithm,  which  we  will  call  L,  being  given,  fince 

'Ljz=zi-\-x^ — I,  therefore  in  the  firfl: 

I  Cafe;  and  i — L=i— in  the  latter:  Confe- 

quently  i  +  L  :=zi-\-x^  and  i — L  =i — x.  That  is, 

'  according  to  Sir  Ifaac’s  Lheorem., 

I  t4o/^^L%  kAc.  ;  and  alfo 

j  I — ;^L-j- 4-;^^L^ — 4-/2^L^+ — t4o;PL%  (Ac, 

]  =i — X  confequently  the  Number  or  i — x 
;|  is  readily  known  by  thofe  Series,  be  the  Species  of 
I  the  Logarithm  what  it  will.  That  is,  whether  it  be 
I  A^^y^^r’s  Logarithm,  where  ;/= 100000,  &c.  and  fo 
j  I  •+*L+4L"'+IL=4-^VL'^:tT4:oL%  ^Ac.  orwhe- 

:  ther  23025850,  &c.  for  Briggs’s  Logarithm. 

:  15.  If  one  Term  of  the  Ratio^  whereof  L  is  the 

I  IvOgarithm,  be  given,  the  other  Term  will’  eafiJy  be 
I  had  by  the  fame  Rule.  Let  a  =  the  leajh  Term  of 
I  the  Ratio,  and  b  =  the  greateil  ;  then  becaufe  it  is 

3  I  :  I  +  .Y  ^  ^  ;  and  fo  i  J-,  y  =  —  zr:  i  -L  L  + 

'  a  ‘ 

i  iTc.  if  n =1000000,  Sic.  and 

1  therefore  b=  a-{-  ^L  +  4^L'^ -f-  ■6'^L%  See.  if  a  were 

!  given  ;  but  if  b  were  given,  becaufe  i  :  i — x  \\b\  a.^ 

therefore 
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therefore  i  —  x  =  ~  ;  and  fo  a  =:  h  —  + 

b 

-^L,  ^c.  Wherefore  by  the  Help 
of  the  "Tables^  the  Number  belonging  to  any  Loga¬ 
rithm  will  be  exa5ily  had  to  the  utmoft  Extent  of 
the  Tables. 

16.  Suppofe  L  =  Ni  the  Number  belonging  to 
the  given  Logarithm  L  of  the  Ratio  then 

^  a^  let  the  Logarithm  of  the  Ratio  ^  be  3, 

and  let  the  Term  b  be  known  ;  then  (per  Rule, 
Art.  15.)  we  have  i  :  i — b  :N^  and  fo  i  —  x=- 

—  ,  and  N-=zb  —  i'a  +  ^^33  — •  ^c.  if  a  be 

b 

Logarithm,  but 

^c.  if  ;/=2.3025,  &c,  as  in  Briggs's  Logarithm. 
But  if  the  Ratio  be  4  =  N",  then  -t  z=:i  b^  and  fo 

b  N 

I  4_  ;c  =  ,  therefore  A^=<^+^3-4“^^33-]-l<^3% 

Or  iV—  ^ -f-  an'3.  -f- Note,  here 
a  and  b  denote  the  Number  belonging  to  the  neareft 
vext  lejfer  or  next  greater  Logarithm  than  the  given 
Logarithm  L,  and  the  Logarithm  g  is  the  Difference 
'  oi  thofe  Logarithms  ;  wherefore  as  a  is  lefs,  the  Se¬ 
ries  converges  the  fwifter  j  and  finds  the  Number  N 
of  the  Logarithm  L,  much  fooner  and  eafier  than 
the  Rule  in  Art.  15. 

1 7.  In  the  foregoing  Series  ^+^3-f  i<2334~'6^3%f5fr. 
z=:N  5  the  three  firft  Steps  may  be  abridg’d  thus, 

a  +  a  =  ^  +  <23  1^33,  very  nearly,  and  may- 

ferve  with  Exagfnefs  enough  for  Numbers  not 
exceeding  14  I^laces,  which  is  more  than  fuffi- 
cient  fpt  common  Ufe,  Therefore  we  may  take 


3 
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a  +  ~  -  —  N,  ot  h 

i—ia 


I — i'3.  1+I3 

Index  n  taken  for  Briggses  Logarithms,  we  fhali  have 
_  _ 


iV;  and  If  the 


a 


a  3 


i _ I  <ar 

n 


iV,  or  ^ 


a  — 


==  iV  5  that  is 


(putting  z  =  J  =>  43429.  &c.)  =  iV,  or 

==S  i\r J  which  Equation  may  be  refolv’d  into 
the  following  Analogies ; 


( 

I 


Z—i'R  :  j2+Tg 

z+i-g  :z — 


a  :  Nh  ot, 

h:K 


18,  If  more  Steps  of  this  Series  be  defirM,  it  will 

be  found  as  follows,  viz-,  a  +  11, - -f. 

5  a 

2^^  ,  &c.  rr  N ;  alfo  the  Rule  i+;^L+  \nn\Au-^ 
i—za 

ilc.  may  be  thus  contrafted,  viz,  i  -F 

2+;^L+t;^;^LL  X  InLi^N,  What  is  faid  concern¬ 
ing  this  Method  of  fnaking  either  Logarithms  or 
Numbers^  I  prefume  is  fufEcient  to  render  it  very  in¬ 
telligible  to  any  common  Capacity,  and  to  Ihew  the 
admirable  XJfefulnefs  and  Excellency  thereof  beyond 
any  other ^  hitherto  invented. 


V 


CH  AP^ 

.J 


U 


5^ 


TTue  Logarithmic  Series 


»ilW»  ‘'•jV*  'VW'  *yV'  •yi” 


CHAP.  VII. 

I'he  *  Logarithmic  Series  aforegomg^  demon-- 
Jlrated  alfo  by  ^Fluxions,  and from  the  Na¬ 
ture  of  the  "^Hyperbola. 


I.  r  I  A  H  E  preceding  Series  for  the  Logarithms, 
1  which  has  been  demonftrated  purely  from 
Arithmetical  Principles^  or  the  Properties  of  Num~ 
herSy  may  alfo  be  prov’d  from  the  Doftrine  of  the 
Fluxions  of  Logarithms,  For  the  Writers  on  Flux¬ 
ions  varioufly  demonftrate  the  Fluxion  of  the  Loga¬ 
rithm  of  any  Number  is  equal  to  the  Fluxion  of  that 
Number  ( whofe  Logarithm  it  is )  divided  by  the  faid 
Number  it  felf 

2.  Let  the  Number  propofed  be  i+x,  the  Flux¬ 
ion  of  which  is  therefore  the  Fluxion  of  its  Loga¬ 


rithm  will  be  =  — ; 


from  whence  the  foregoing 


infinite  Series  for  the  Logarithm  of  the  Number  i+a? 
may  be  derived,  as  follows.  The  Logarithm  of 
is  equal  to  the  flowing  ^antity  or  Fluent  of 


the  faid  Fluxion 


But 


i'-i-.r 


I  -j-jf  1  -{-a; 

=  I*+X)  I  (=I - X+XX - &C. 

I~f“X 


^  X  — r—  :  and 

i+a;3 


-X 

VV* 


*^XX 

"^xx-Fx^ 


-x^ 

~X^‘‘ — 

*  &c. 


o 

0* 


*  Chap. VII.  demonftrated by  Fluxions. 

j-  3.  The  Quotient  then  i — — x^-i-x'^y  &c. 
—  -i— 1  but  ^xi — x4-x^ — &c.  =5  x — 

I  xx’-hx^x — &c.  =  .  The  Fluent  there- 

j  *  "T"-^ 

l|  fore  of  that  infinite  fluxionary  Series  (by  the  inverfe 
I?  Method  of  Fluxions )  is  found  to  be  x — ix^-^ix^ — 
|i  ix^^-rx^,  &c.  which  therefore  is  the  Logarithm  of 
I:  the  Number  1+^ ;  and  is  the  very  fame  with  that 
t  Series  in  the  foregoing  Chap.  VI.  Article  7.  for  Ne- 
1  per^s  Logarithms, 

4.  Again,  if  the  Ratio  be  decreafing^  or  the 
f  Number  be  i — the  Fluxion  of  this  alfo  is  and 

:  therefore  the  Fluxion  of  its  Logarithm  .  But 

« 

.  -f-,,  =  a:  X  — L.  =  i+xA-X'^A-X^^  &c.  X  X  X 

.  1 — at  i—x  ‘ 

-  xx-\-x‘^^’\-x^x^  &c.  The  Fluent  of  which  is  x-^tx"^-]^ 

'<  &c.  the  fame  Series  as  that  in  Article  8.  of 

^  the  preceding  Chapter^  for  Neper^s  Logarithm  of 

-  I — X. 

5.  The  fame  Series  is  likewife  deduced  from  the 
Nature  or  Equation  of  th^  Hyperbola.  For  let  FCH 

:  be  an  Hyperbola  (Fig.  VI.)  iVE,  AI,  the  Afymptotes  ; 

'  draw  BC,  DC  parallel  to  AI  and  AE  ;  alfo  draw  the 
:  Ordinate  EF  parallel  to  the  Ordinate  BC,  or  Afymp- 
tote  AI.  Let  AB— EF—jy,  and  BE=;c.  The 
i  Equation  aa:=.ay-]^xy  expreffes  the  Nature  of  the  Hy~ 
perhola  between  the  Afymptotes.  Now  the  Fluxion 
of  the  Space  between  the  Abfcijfay  Ordinate.^  and 
Curve^  is  always  equal  to  the  Product  of  the  Ordi¬ 
nate  into  the  Fluxion  of  the  Abfciffa  \  that  is,  in  this 
Cafe,  ^yx*  Therefore  to  determine  the  Fluxion  of 
the  Afymptotic  Space  contain’d  between  the  Abfcifla 
BE,  the  Ordinates  EF,  BC,  and  the  Curve  of  the 

HyperbolaFC,  we  have  =y,  therefore = 

Fluxion  of  the  faid  Space  FCBE. 

H  2 


6. 
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'  6.  But  ff-=:  Xi,  and  =  z+x)  aa 

a-^f-x  a-\-x  a-\-x 

(==a—x+^-^—^~  +  ^4 .  &c.  Wherefore  ^  = 

a  aa  a'^x 

ak  —  Xx  “h  ,  &c.  But  the  fiow- 

hig  ^antity  of  this  fluxionary  Series  is  ax  —  zx‘^  + 

“  —  —  +  ~  ,  &c,  =  the  Space  FCBE.  Sup- 

pofe  then  x — &c.  =  the 

{2iiAAfymptotic  Space  2isht{oxt,  But’tis  evi¬ 

dent  this  is  again  the  very  fame  Series  as  was  invented 
by  Dr.  Halley  {or  the  Logarithm  of  the  Number  i-\-x, 
7.  The  Afymptotic  Spaces^  then,  are  with  refpecl 
to  the  Abfcijfce^  as  Logarithms  in  refpe^  to  Numbers. 
That  is,  fmce  AB==t,  and  the  Logarithm  of  i  is=:o, 
the  Spaces  B^^C,  'B  c  dC^  B^^C,  Bh  kC,  ^c. 
are  the  Logarithms  of  the  Numbers  A  <2,  A  r,  A  e^ 
A  ^c.  Again,  becaufe  the  Ahfciflce  are  in  a  re^ 
ciprocal  Proportion  of  the  Ordinates.,  that  is, 
AB  :  AE  ::  EF  :  BC  •,  therefore  the  Afymptotic  Spaces 
are  in  refpedl  of  the  Ordinates  as  Logarithms  in  re- 
fpedt  of  Numbers :  Yet  fo,  that  while  the  Ordinates 
BC,  ab.,  cd,  eg.,  M,  EF,  decreafe  in  a  Geometrical 
Ratio.,  the  Spaces  B  a  bC.,  B  r  J  C,  i^c.  may  in- 
creafe  in  an  Arithmetical  Ratio.  And  fince  in  Ne^ 
per\  Logarithms  'x  x  —  ixx  -h  ixxx  —  Ix"^,  &c. 

jsi?— looooo,  &c.  ’tis  plain  his  Logarithms  become 
the  fime  with  the  Hyperbolic  Logarithms  juft  now 
conhder’d. 


C  H  A  P. 


Chap.  VIIL  O/Log  AR  I  t  h  m  s,  &c. 


C.  H  A  P.  VIII. 

^e  Method  of  conftruBing  logarithms  by  the 
Infnite  Series^  exemplified  and  illifirated. 


I .  r  1  H  E  Manner  of  raifing  theorems  for  the 
^  JL  Conftrudtion  of  Logarithms  hath  been  fuf- 
ficiently  explain’d  ;  it  therefore  remains  that  we  il- 
luftrate  the  fame  by  proper  Examples.  The  Theo¬ 
rems  for  doing  this  diredly  are, 

Theorem  T.  f^xx  ^x^^  &c. 

=  L,  izLv. 


Theorem  II.  J  x  L  4-  4- 

S  .3s" 

*r 

=  E,  . 


2d  5 


+  ~  3  £5?  r. 

7s^ 


Theorem  III.  J  x 
&c.  L. 
Theorem  IV.  J  x 


4-£1  +  <J1  .  J! 

2S^  4S^  ^  8s^ 


.  M 


Note,  in  thefe  Theorems,  J  is  all  along  applied  to 
adapt  them  to  all  forts  of  Logarithms, 

2.  Since  the  Logarithm  of  10,  we  miift  there¬ 
fore  firft  fuppofe  7/— 10000000,  ^c,  and  thence  Ncr^ 
per's  Logarithms  will  be  produced  ;  and  fo  thefe  are 
the  firft  fort  of  Logarithms  which  Nature  affords 
The  others,  as  Briggses  Logarithms,^  &c.  are  made 
from  them.  In  order  then  to  find  a  Briggian  Loga¬ 
rithm,  ’tis  necelfary  firft  to  find  Nepeds  Logarlthni 
of  10,  This  may  be  done  feveral  Ways,  either  by, 
the  Number  10  it  felf,g  ox  by  its  component  Parts.  If 
we  attempt  it  by  the  Nuinber  10  it  felf,  then  becaufe,. 

3 
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j-hxzzio,  we  fhall  have  which,  becaufe  it  is 

greater  than  i,  will  occafion  that  the  hrft  Theorem 
will  not  converge ;  and  fo  the  fecond  Theorem  mull 

beufed.  In  this  and  therefore  j  =  i  -4-  lo 

b 

II,  and<:/=io — -1=9,  And  thus  the  fecond  Se¬ 
ries  for  Neper’' s  Logarithm  of  10  will  be  ^  -T 


2(15  2d^ 

3S5  rs5 


14-5  S 

3993 


r  _i  *  7  8 

*  80525  55 


2.30258,  &c.  the  Logarithm  fought. 

3.  But  this  Series  converging,  fo  extremely  JloWy 
renders  the  Bufinefs  very  tedious,  and  therefore  the 
faid  Logarithm  muft  be  attempted  from  the  com¬ 
ponent  Farts  of  10.  And  hnce  8  x  i  i  —  10,  and 
2x2x2  =  8,  therefore  3L,  2  +  L,  li  —  L,  ip, 
Confequently  by  finding  the  Logarithm  of  2  and  i 
we  find  the  Logarithm  of  10.  Now  NepeFs  Loga¬ 
rithm  of  2,  is  found  either  by  Theorem  I.  which  con¬ 
verges  very  fiowly  ;  or  by  Theorem  II.  which  con¬ 
verges  much  fafler  ;  and  therefore  to  be  chofen. 


Here  A 
b 


and  3,  a — b—dzui^  and  fo 


the  Theorem  nz— 


3s^ 


5s- 


X  .  X  i  +  ■  X 

33 


C  Jk 


5  X35> 


tkc.  m  L,  2  ;  this  multiplied  by  c?,  is  “  + 

_  ^  3 

X  ~  *4-  4  X  -7  ,  ^e.  —  3L,  2.  Now  put  —  —  A, 
3'  3  3 

and  becaufc  x  — ,  ?  ^^^d  —  —  -h ,  there- 

3  3^  3'  3  9 

fore  alfo  put  -J  A  —  B,  and  fo  B  ~  ~  *,  and  thus 


i  B  ^  C,  J  C  =  D,  and  fo  on.  Whence  the  The¬ 
orem  will  become  2-4-tA+5BH~‘7  C’+’iD-T 
IT  E  +  Ti  F,  ™  3L,  2. 


4. 


chap.  Vllle  bj  infinite  Series. 

4.  By  the  fame  Theorem  II.  we  obtain  Neper*s 
Logarithm  of  li;  for  becaufe  =  li,  therefore 

L  2— £  —  £.  Whence  ^J-+- Z'zzijzz:  9, 

I4  4  /  \ 

and  d 
2d^ 

C^JC.  ==  ■ 

9 


a 


+ 


2d- 


3^3  '  5s 

But  becaufe 


.  £ 

■  5 

b  =  i 

^C,  : 


2^ 

9 


and  fo  the  Theorem  ^-4- 

s 

f  X  —  ^  X  £-»  ^e* 

9^ 

6 


-  + 


iB=C;  L  = 


93  -  9 

t-=  A  ;  A  _  ^ 

33  93  37  3 

6 _ lxA=iD  =  E, 

95  3^*  —  3^  9 

therefore  the  faid  Theorem  will  become  A+fC-f- 
tE4-  yG-^  f  1+  ttL,  yr.  =L,  I  i  as  required.  If 
now  this  Series  be  added  to  the  foregoing  (in  Art.  3.) 
we  (hall  have  the  Theorem  2~f-  ifA-l-  fB-|-4fC-f- 
JD+  ifE4-  TVF+.V5G4-  ^VH,  =  3L,  24-L, 
ii=L,  10.  See  the  Operation  in  the  Table  below. 


Az=z  O, '1222222112122 
B  =  .  .  246913580246 
C  =  .  .  .  27434842249 
D  = .  .  .  .  3048315805 

E  = . 338701756 

F  = . 37633529 

G= . 4181503 

Hz= . 464612 

I  = . 51624 

K= . 5763 

L= . 637 

Mzr . 71 


2. 

itA 

tB 

iQ.r^ 

2  I  V-/ 

iD 

•rfE 


AF 
G 
H 


3 

105 

I 

T7 

J2  8  T 

1  7  1  1 

2£K 

2*^  M 


iz:  2.0000000000000 

2=.  .2962962962962 
=  .  .  .  49382716049 
13064210595 

= . 338701756 

z=i . 98531420 

=: . 2894887 

= . 876124 

= . 27330 

^454 

- . 273 

= . 85. 

= . 3 


Thus  Neper^s  Log.  of  101:^:2.3025850929940,65?^. 


5.  The  Logarithm  thus  found  (if  continued  on)  will 
be  2.3025850929940456840179914546843642076 
011014886287729760333285  and  there¬ 

fore 
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fore  m  making  the  Briggian  Logarithms^  we  fhall 
have  0.43429448 1903251827651 12891891660 
50822943970058036665661 14454,  &c.  the  Reci¬ 
procal  of  the  former  ;  which  henceforth  let  be  call’d 
2  ;  that  is,  let  ~-z.  And  now  we  are  prepar’d  to 
find  the  Logarithm  (of  any  Form)  of  any  other 
Number. 

6.  For  Example,  let  it  be  required  to  find  Brigg^^ 
Logarithm  of  2,  to  10  Places  of  Figures.  In  order 
to  this,  the  Index  ^  mufi:  be  aflum’d  of  a  Figure  or 
two  more  than  the  intended  Number  of  Places  in  the 
Logarithm.  The  fecond  Theorem  is  moft  proper  for 

this  Purpofe;  for  here  again  A  =  t,  d=.  i,  and 
.^=3,  and  alfo  2:=:o.43429448i903  *,  and  the 
Theorem  J  x  —  +  =  2;  x  I  + 

_ _  S  355  55“^ 

f  xL  -f.  f  L  ,  =L,  2,  and  therefore  ~  + 

3^  3^  3 

■  ■  ‘  » 

f  X  ^  +  i  X  ^  5  5^:c.  =  r  L,  2.  Here  put  ^  =  A, 

33  3  ■ 

and  becaufe  ~  =  ~x  Lz=;txA=B,  and  thus 
3^  3  3 

=■—  X  —  =:fB=:C,  and  fo  on.  Therefore 
3'  3'  3^ 

the  faid  Theorem  will  here  again  become  A+  J-B-E 
fC-P  tD+iE-f- nF,  i^c.  ^IL,  2,  as  is  evident 
from  the  following  Operation. 
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S7 


rz  =A  = 


=A  =0. 

144764827301 

A=:C 

B  = 

16084980811 

fB— 

C  = 

1787220090 

iC= 

D= 

198580010 

yD^ 

E=: 

22064445 

fE — 

F  = 

2451605 

7.F= 

G  = 

272400 

.iG— 

H= 

30266 

I  z= 

3362 

K  = 

373 

.4K  = 

L  = 

41 

AL= 

>.144764827301 

5361660270 

357444018 

28368572 

2451605 

222Sy^ 

209^^3 

2017 

197 

J9 

I 


The  Sum  is . irL,  2=0. 

Multiplied  by  . . 

The  Briggian  Logarithm  of  2=0.301029995652 


150514997^^^^ 

. 2 


7.  This  Logarithm  may  yet  be  much  eafier  and 
fooner  obtain’d  by  this  Confideration,  viz.  That 

X 


I  o  _ 

”  10X45 

L:4^?+L 


and 


1  o  z  4 


1000 


1024 

L 


10 


10 


I  000  1024  5 

=  L  4  =  L  2. 


therefore 
But 

^  a-ncw,  then 


3^ 

253^  "f-  5  X 


L^=L^.  Wherefore  put  rrl  =  ^ 

^+^=5=253,  and  a — h=dz=z  3  ;  thus  Theorem  II. 
will  converge  much  fafter,  and  will  become,  in 

-  7T~ 

Numbers,  z  k  t  x  —  “i-  fx  Trrr  •+■ 

Or  if  -j  =:y^  the  faid  Theorem,  in  Species^  Is 

2:2j  +  T2jy%  &c.  Suppofe  2zy=z:A,  then 

izy^z=^x2zyxy'^=2iAxy^zzzB^  alfo  Tzy^=:}x2zyxy^xy^i=z 
and  fo  on ;  and  thus  the  Theorem  is 
AT~f  iVy^(~B)+iBjv'(=:C  J'4“7Cy'^(=D)+ jDy^,  &c. 


I 


8. 
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0.01029947387912 
^AxjJ=:B=:  .  .  48271995 

4BXX)'=C=  .  ^ _ ^0‘^^ 

TheS^he  Logarithm  J  _  0.01029995663980 

Add  the  Logarithm  of  .  ..  3  .oooooo'oooooooo 

And .  A  of  that  Sum  will  7 
be  L2==  i 


.  0,30102999566398.0 


Thus  you  fee  3  Steps  of  the  Series  thus  ordered,  are 
Sufficient  for  14  Places  of  Figures,  whereas  before 
(Art.  6.)  1 1  Steps  produced  the  Logarithm  true  only 
to  10  Places. 

9.  Let  the  next  Exarnple  be  to  find  the  Briggi^n 
'Logarithm  of  3.  This  may  alfo  be  done  by  Theo¬ 
rem  n.  where  A  =r  L  and  and  ^4  *,  alfo 

b 

~  2=0,43429,  &c.  as  before.  Then  z  x  ^  + 


,'3 


2a 

as3 


2^5 


5^ 


tfr,  =  tX 


+  2.  I  ^ 

-  -\r^x  -pScc. 


L  3.  The  half  thereof  A 


sr. 


32? 


&c.=:  i  L  3.  Put  A  A,  then  A  —  A  x  i 

2  82 


i  A  =  B,  and  A~A  x  +  =:4B=:C,  and  fo  on. 

32  ^ 

Whence  A-f  iB+ iC-f  7D4- iE,  =iL  3. 
But  this  Series  converges  fo  very  flow,  that  as  many 
Steps  will  be  neceflary  as  you  intend  Places  of  Fi¬ 
gures  in  the  Logarithm,  and  more  ;  therefore  Re- 
courfe  mud:  be  had  to  Theorem  IV.  which  here  comes 
into  play,  becaufe  the  Logarithms  on  each  Side  of  it 
L'e  known,  viz.  the  Logarithm  of  2  and  4. 

10.  Therefore  (according  to  Theorem  IV,)  a—?., 

^=4,  —  is  =  3,  ab—%^  confequently  isszzp, 


and  fo  iss  4-  =  S  =  1 7,  Wherefore  A  »  i  x  A 
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+  ix|4-fx^,  &c.  put-j 


rX?-=ixAxi 


53 


J 
<»  5 


J  T  X  rr 


1  X  B 


X 


59 


A, 

T  . 


C,  &c.  Alfo  X  ^  =  i',  wherefore  Lv'f  + 
L-A  =  L  3.  Therefore  L  +A-|-B-j-C4-D, 


•  •  •  «  O 


^c.  =  L  3.  See  the  Operation  following. 
r_  I  Li-f-Li 

L— 8-  =  —7“^  =  .  . .  :  0.4515449934959 

2554^7  34r'^^9^ 

% 

294656680 
61 1744 
1511 


fx  ^  ==  A 

o 


Thusi  T  X  X  A  ^  B 


e  •  •  •  9 


lx  5  xB  =  C  = 
lx  xC=D  = 

o 


The  Sum  is  the  Log.  of.  .  .  ;  3ZZO.477 12 12547 19.0 

II.  But  this  Logarithm  may  yet  much  fo'onet 
and  with  lefs  Trouble  be  found,  by  the  Artifice  ufed 

in  Art.  7.  For  the  Ratio  ^L,  and 

fo  ^ — /^=siii37  *,  and  fince 


s 


I  s 


h- ,  therefore  L  - — 
3  s>‘3 


IS 


T  ^ 
0  • 


And  L  - 


1 5 
X  2-  ^ 


5XJ- 


5X3^  2^5 

L  3« ;  but  L  4.  =  L.  2 

^  2*5 

7.%d  ,  r  -i 

= - r  TT’  > 

S  *  353  ^ 

f  L2^^— L5=:  .......  3.S  1647993062 

Therefore  j  zz: ..........  .  0.000490 1070S 

The  Sum  is  the  Logarithm  of  3®  =  3.8 169 700 3  7 70 

And  i  thereof,  is  the  Log.  of  3  2=0.47712125471 ; 
thus  the  firft  Step  of  Theorem  II.  gives  the  Loga'“ 
rithm  true  to  1 1  Places,  , 


I 
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12.  The  next  Example  {hall  be  that  which  Dr. 
Halley  has  given  for  finding  the  Logarithm  of  23, 
which  is  done  by  Theorem  IV.  In  this  Cafe,  ^=22, 
^=24,  l:s=:2  3,  yss=:529,  ^^^=528,  and 

,057=S.  And  f  4.  .-f:  + 

*,  therefore  L 

Vab  ' 

=  L  7^  5  and  becaufe  2x2x2x33= 


But  X 


4s 


•a:S 


^  24-}-22 

24,  and  2  X  1 1  2=  22,  therefore  alfo  3  L,  2  -f-  L  3 
=  L24;  andL2+Lii=:L22. 


—  L  ;  therefore,  (proceeding  in  the  Opera¬ 
tion  according  to  Art.  10.)  we  have 


r 


L24-f-L22 

2 


=  .  .  I  .36131696126690612945009172669805 


I 


41 0874628 1 01 468 1 43473 1 5 886368 


1 22585215441 81 829460074 
6583235184376175 

4208829763 
2930 

T.  he  Sum  =  L23  —  . .  1.361 72783601 759^^7^^67777112251 17 

which  Logarithm  is  true  to  32  Places  of  Figures, 
and  thus  you  may  proceed  for  any  other. 

13.  In  making  Logarithms  for  Prme  Numbers^ 
the  Artifice^  or  greateft  A^hantage  confids  in  finding 
fuch  a  Ratio  or  FraAion^  whofe  Terms  are  th^ greatefi 
poilible  and  their  Difference  the  leaf!  ;  and  the  Num¬ 
ber  whofe  Logarithm  is  fought,  or  fome  Povjer  there¬ 
of,  is  an  aliquot  Part  ov  Submultiple  on^  of  the 
Terms  of  the  faid  Ratio  or  Frablion.  For  this  once 
obtain’d,  the  Logarithm  is  foon  acquired  by  Theo¬ 
rem 


3  ^ 

1 

X  A=B=i 

ss 

c  X 

I 

xB=C= 

5 

ss 

-1  X 

I 

xC=D= 

7 

ss 

a  V 

g  ^ 

I 

xDc=E= 
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remll.  with  eafe.  Thus  the  Fradion 

i.  5  where  and  s—4641  the  Series 

bo  X  29 


a 


will  convers:e  very  fwift  for  the  Logarithm  of 

.  80  X  29 

but  X  — =  —  =211,  therefore  L  80+ 

80  X  29  II  1 

L29 — Li  I  added  to  theSeries,  gives  the  Logarithm 
of  2 1 1 .  But  the  Ratw  or  Fra^ion  7^17—  = 

—  will  make  the  Series  converge  very  much 

80x54x29x43  ° 

fooner  than  before  ,  for  here  d=i,  and  $=10774081, 
For  L8o+L54~FL29--FL43 — L121  added  to  the 
Series  (or  Theor.  11.)  gives  the  Logarithm  of  211% 
half  which  is  the  Logarithm  of2li.  Laftly,  the 

F radion  ^ III]] ~  where 

d=zi,  and  5=3964238881,  converges  tothatDegreo 
that  the  hrft  Step  of  the  Series  quotes  the  Logarithm 
of  the  Fraiflion  to  29  Places,  to  which  add  the  Lo¬ 
garithms  of  the  5  Numbers  in  the  Denominator^  and 
it  gives  the  Logarithm  of  2 1 1^,  then  i  of  that  is  the 
Logarithm  of  2 1 1,  as  before. 

.  14.  The  greateft  Difficulty  confifts  in  finding  out 

proper  Numbers  for  producing  fuch  Fradlions  as 
aforefaid  *,  and  thebeft  Method  of  this  is  by  prudent 
Tryals.  An  Example  of  which  is  here  fubjoin’d, 
Suppofe  I  would  procure  a  convenient  Fradion  for 
the  Logarithm  of  223,  I  make  tryal  thus  ; 

7=  1561 

8  =  i7i^4 


Firft 


Therefore  223x387==  64001  \ 

Having  thus  obtain’d  the  Term  64001,  ’tis  eafy  to 
obferve  the  other  may  be  64000,  wherefore  the  Frac¬ 
tion  is  and  finds  the  Logarithm  of 


640Q0 


223 
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223  with  good  Difpatch.  Or  thus,  to  find  a  Frac¬ 
tion  of  larger  "Terms  *,  fuppofe  I  afTume  the  Nume¬ 
rator  159000^1000x53x3,  then  to  find  the  othet 
I'erm  as  near  this  as  may  be,  I  try  thus  , 

(x  3=  669 


223 

223 


I 

X  13 

X  7 


^  223 

■  2899 

1561 


Therefore  223x713—158.999,  which  is  wi'thiri 
Unity  as  great  as  the  other  Term  159000,  and  con- 
fequentFy  the  Fraction  ^  is  that  required,  and 
thus  you  proceed  to  raife  the  Terms  of  any  other. 

1 5.  Let  the  Terms  of  afiy  Fradlion  be  reprefented 
•  by  Leafl;,  and  Greateft.  Then  if  the  Ratio  be 

in  creafmg  It  wiWht  — ,  but  if  decreafing,  — ;  let  that 

Term,  in  which  the  Number  fought  is  ingredient^  be 
exprefs’d  by  the  Ptodubl  where  r—  the  Number 
(or  Produd:  of  Numbers)  whofe  Logarithm  is  knowii^ 
and  the  Number  v/hofe  Logarithm  is  fought^ 

If  then  ^  ~  —'i  or  —  J  but  if  h=cy:^  then 


2d 


2£  ,  £ 
s  353  555 


4.^',  &c. 

*  ys' 


or  fy  5  alfo  let  there  be  put  the  2d  Theorem 

=  2:  ;  then  if  the  un¬ 
known  Number  x  be  in  the  Denominator  of  the  in- 
creafxng  Ratio  L,  viz.  ~  ;  or  in  the  Numerator  of 

the  decreafing  Ratio  —5  viz.  —  *,  then  it  will  be 


Z-{-L^ — l.c—luX,  And^  vice  verfay  if  it  be  ~  or 
A  the  Theorem  will  be  ZHrL/5' — Lr=Lv.  From 

cx^ 

hence  the  Operations  in  the  foregoing  Articles  for 
making  Logarithms  have  their  Grounds  and  Reafon 

and 
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;  and  every  thing  there  afferted  is  from  this  Procefs 
I  very  evident. 

16.  To  find  the  natural  Number  of  any  Loga¬ 
rithm  propofed  ;  this  is  befl;  -done  by  the  Theorem 
I  in  Art.  17.  Chap.  VII. 

1  H  =  A'. 

'  For  Example,  let  it  be  required  to  find  the  Interefi:  of 
one  Pound  for  one  Day,  at  the  rate  of  6  /.  per  Cent, 
per  Annum.,  Compound  Intereft ;  which  is  to  extrad: 

I  the  Root  of  1.06  taken  as  the  365thPower*,  thus 
I  the  Logarithm  of  1.06=0.0253058652647702408- 
,  46731186351, 

I  Which  divide  by  365,  iL— 0.00006933 1 13 771 16- 
the  Quotient  is  I  99289991044346, 

I  The  next  neareft  7  ^=1.00016=^0.00006948 155 87- 
'  ”  Log.&  its  3  28037517724712690,  ^c. 

Their  Difference  is  3=0.000000150421016338227- 
!  733^683505  Cfr. 

I  Mult,  this  by  ;^=2. 3025850929940456840179914- 
j  54684,  Scz, 

\  The  Produd  is 


;^3  =  0.00000034635718989341697132230,5 
. . 119963302990864503 

. 41550152514 

= . 14391 

The  Powers  of  n  3.  Then 
1 .00000000000005998 1 65 149543225.1 

. 59^ 

The  Sum  1  1.0000.0000000005998165- 

3  149543285  i=X. 

The  odd  Powers 

{^3=  0.000000346  357 1 8989341 697 1 322305 

.  6925025419 

Sum  ;?a+S;2323^o.oooooo346357 1 8989342389634- 

7724=2;. 

Then 


H 
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Then  the  Value  of  the  Series  is 

X— 2=0.999999653642870088227599085126.. 

Which  multiply  by  iJ=i. 00016,  produces 

36s 

*^1,06=1.000159653587452947441715500980, 
—Ny.  the  Number  fought  of  the  given  Loga» 
ifithm  L,  and  that  to  30  Places  of  Figures.  The 
feme  Number  may  be  feen  produced  to  60  Places  in 
Mr.  Sberwin^s  Matbeiaiatical  Tables. 


CHAP.  IX. 

Of  the  ^  Ldgarithmic  ^Spiral ;  and  the  Nature 
and  ConJlruBion  of  the  Table  of  Meridional 
^'Parts.,  or  the  Nautical  ^MeriSan  ^Line^ 
deduced  therefrom. 

i.T  F  any  Right-Line  be  moved  with  an  e- 
quabh  Motion  about  the  fix’d  Point  />,  and  at 
the  fame  time  the  Point  W  be  mov’d  towards  the 
Pointy?,  with  a  Velocity  fuck  that  t\\t  Radii' p'W pY\ 
pSy  form’d  thereby,  be  in  a  Geometrical  Ratio 
decreafing,  then  the  Curve  WVSQ,  is  called 
the  Logarithmic  Spiral ;  and  that  for  the  fame  Rea- 
fon  as.  the  Logarithmic  Curve  before  defcrib’d  received 
its  Appellation.  See  Chap.  Ill,  Art.  8,  9,  10. 

2.  For  fuppofe  the  Arches  AC=:CE=EG, 
and  therefore  in  Arithmetical  Rrogreffion  %  andfince, 
from  the  Generation  of  the  S'piraly  the  Radius. 
pB :-pD :: pD: pF :: pF : pH,&^^’.’tis evidentthe  Arches 
AC,.  AE,  AG,  f^c.  are  the  Exponents  of  the  Rations 
of  the  Radii  Dp,  Fp,  Hp,  f^c.  to  the  firfi:  pB  ;  and 
fo  thofe  Arches  are  in  refpedl  of  the  Radiiy  as  Loga¬ 
rithms  in  refpedl  of  Numbers  *,  as  is  fufficiently  mani- 
teft  from  the  preceding  Lheory  of  Logarithms.  Where- 
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fore  if  Bp  be  I,  lo,  lOO,  and  PW  (the  lothPro- 
portional  from  pB)  be^io,  lOO,  lobo,  &c.  then  fhall 
the  Arch  ACzz:,  loooooo,  AE  =,200000,  AG  =3 
3000000,  ^c,  AW=i, 0000000  ;  be  the  Loga¬ 
rithms  of  the  Numbers  pD=  1,259,  pF=i,585, 

pH=ii996, £jf(r.pW=io;  ofMr. 5r/f^i’sForm. 

3.  This  Spiral  is  alfo  called  the  Equiangular  Spu 
ral ;  becaufe  it  interfedls  all  the  Radii  pW,  pQ,  pB, 

equal  Angles.  For  fuppoie  the  Arches  NP,  TW, 
infinitely  fmall,  and  equal  to  each  other,  then  may 
the  Parts  of  the  Spiral  OQ^and  VW,  be  efteemed 
Right-Lines  %  and  fo  fince  in  the  Triangles  pOQ^ 
pVW,  the  Sides  are  proportional  n^iz.  Op  :  pQ_j: 
Vp  :  pW,  and  the  Angle  OpQ=VpW,  thofe  Tri¬ 
angles  are  fimilar  ;  and  confequently  the  Angle 
pOQ^pVW,  or  pQp.-=pWY  \  and  thus  it  will  be 
every  where. 

4.  Now  let  the  whole  Scheme  be  confidered  as 
the  Stereographic  Projection  of  one  Quarter  of  a  pa-- 
rallel  Hemifphere^  then  fhall  p  be  the  Pole  ;  WLA^ 
a  Quadrantal  Arch  of  the  Equator  j  the  Radii  pW, 
p7\  pR,  ^c.  the  feveral  Meridians  projected  on  the 
Plane  of  the  Equator.  And  fince  ^tis  the  Property  of 
every  Rumb  Line  to  make  equal  Angles  with  every 
Meridian  on  the  Globe,  and  the  Angles  contained 
between  circular  Arches  on  the  Globe^  are  equal  to 
the  Angles  between  the  fame  Arches  in  this  Projec¬ 
tion,  therefore  the  Logarithmic  Spiral  WQB  is  the 
Projediion  of  a  Rumb  Line ;  fince  it  has  the  fame 
Property  on  the  Projedtion,  as  the  Rumb  on  the 
Globe,  as  was  proved  Art.  3.  hereof. 

5.  Moreover,  fince  all  Right  Circles.,  fuch  as  are 
the  Meridians  in  this  Cafe,  are  projed:ed  into  Right 
Lines  equal  to  the  Tangents  of  half  the  Arches,  the 
Lines  pB,  pD,  pF,  pFI,  ^^c.  will' here  reprefent  the 
L'angents  of  half  the  Complements  of  the  Latitudes 
AB,  CD,  EF,  GH,  ^c.  And  fince  the  Arches  in 
the  Equator  AC,  A£,  AG,  ^c.  are  the  Differences 

K  ./ 
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of  Longitude  made  by  failing  from  the  Latitude  B  t6 
the  Latitudes  D,  F,  H,  on  the  Rumb  or  Spiral " 
BOW;  and  it  has  been  fhewn  that  thofe  Arches 
are  the  Logarithms  of  the  Radii  pD,  pF,  pH, 
therefore  the  Difference  of  Longitude  is  the  Loga- 
rithm  of  the  Langent  of  half  the  Complement  of  Lati^ 
tude^  reckoning  from  the  Meridian  A  p  whence  the 
Logarithms  begin. 

6.  Therefore  the  Difference  of  Longitude  RT, 
made  by  failing  from  the  Latitude  S  to  the  Latitude 
V,  is  equal  to  the  Difference  of  the  Logarithms 
(AT^ — ^AR)  of  the  Tangents  of  the  half  Comple¬ 
ments  (Sp,  Vp)  of  the  Latitudes  TV,  RS.  And 
iince  the  Ratio  of  the  Rrogreffion^  or  of  pW  to  pV, 
may  be  infinitely  varied,  ’tis  plain  the  infinite  Num¬ 
ber  of  Rumbs  in  a  Quadrant  of  the  Compafs  deter¬ 
mine  fo  many  Scales  of  Logarithms  in  the  Equator  of 
the  Tangents  of  the  half  Complements  of  the  Lati¬ 
tudes  proper  to  thofe  Rumbs. 

7.  Since  then  every  different  Rumb  is  a  Logarithm- 
mic  Spiral^  or  determines  a  peculiar  Scale  of  Loga^ 
rithms  for  the  Tangents  of  the  Half-Complements  of 
its  Latitudes,  therefore  any  Canon  or  Table  of  Lo¬ 
garithm-Tangents,  whether  of  Neper^s^  Briggses,  or 
any  other  Form  whatfoever,  is  the  Scale  of  the  Dif¬ 
ferences  of  Longitude  on  fome  determinate  Rumb  or 
other.  And  confequently  if  this  Rumb  be  invefti- 
gated  for  the  Canon  of  Briggs's  Logarithms  (now  in 
common  Ufe,)  the  faid  Canon  may  be  made  to  an- 
fwer  all  the  Purpofes  of  the  ISlautical  Meridian  LinCy 
in  Proportions  of  Navigation  by  Mercator's  Chart.  • 

8.  In  order  to  this  it  muft  be  confidered,  that  the 
Meridian  Line  is  a  Fable  or  Scale  of  Longitudes  to 
every  Degree  of  Latitude  on  the  Rumb  which  makes 
an  Angle  of  45  Degrees  with  the  Meridian  ;  fince 
in  this  Cafe  the  Differences  of  Longitude  are  always 
equal  to  the  Meridional^  or  enlarg'd  Differences  of 
Latitude.  And  fince.  there  is  a  certain  Rumb  on 

which 
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! !  which  Neper^s  or  Briggs* s  Logarithm-Tangents  are 
i  the  Differences  of  Longitude,  and  the  Differences  of 
I :  Longitude  on  different  Rumbs  are  to  one  another  as 
;  the  Tangents  of  the  Angles  of  thofe  Rumbs  with  the 
!  Meridian  ;  therefore  by  having  given  the  Difference 
,  of  Longitude  on  the  Rumb  of  45°,  in  Logarithms 
of  Neper*s  Form,  and  the  Length  of  the  Arch  of  one 
i  I  Minute  or  Degree  in  Parts  of  the  Radius,  we  can 
!.  thence  find  the  Angle  of  that  Rumb  which  deter- 
[  mines  that  Species  of  Logarithms, 
h  9.  Now  the  Momentary  Augment  or  Fluxion  of  the 
ii;  Tangent-Line  of  45°,  is  exadily  double  to  the  Flux-- 
!'i  ion  of  the  Arch  of  the  Circle  (as  is  eafily  proved), 

:  l  and  the  Fangent  of  45*^  being  equal  to  Radius^  the 
i  Fluxion  alfo  of  tYi^Logarithm-Fangent  will  be  double 
;  to  that  of  the  Arch,  if  the  Logarithm  be  of  Neper* s 
I  Form  ;  but  for  Briggs’s  Form,  it  will  be  as  the  fame 
'!  double  Arch  multiplied  into  0.4. ^4.2 g.  See,  or  di- 

h  videdby  2, 30258,  &:c.  the  Index  for  Briggs*s  Lo^ 

:i  garithms.  See  Chap.  VI.  Art.  7. 

'  10.  Now  fince  the  Radius  of  a  Circle  being  put 

■  =^i,  the  Periphery  thereof  will  be  6.2831853,  (Ac, 

I  therefore  360)6.283 1853,  (0.01745329,  ^c,= 

i  the  Length  of  the  Arch  of  one  Degree,  Alfo 
I  60)0.01745329,  &c.  (0.0002908882,  &c.  z=:  the 
I  Length  of  an  Arch  of  one  Minute,,  in  Parts  of  the 
;  Radius.  If  one  Minute  be  fuppofedUnity,  then  the 
}  Proportion  for  finding  the  Angle  of  the  Rumb 
required  for  Neper’s  Logarithms,  will  be,  as 
I  :  2.908882,  See,  ::  Radius  ~  1000000,  See.  :  the 
Tangent  —2908882,  See.  of  the  Angle  71®  1^42"', 
whofe  Logarithm  is  10.463726117,  &c.  and  under 
that  Angle  is  the  Meridian  interfedted  by  that  Rumb 
Line.,  on  which  the  Differences  of  Neper’s  Loga¬ 
rithm-Tangents  of  the  Complements  of  the  Latitudes 
are  the  true  Differences  of  Longitude,  eftimated  in 
Minutes  and  Parts,  taking  the  firft  4  Figures  for 
Integers. 

K  2 
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11.  But  fince  Neper'" s  I-.ogarithms  are  to  thofe  of 
Mr.  Briggs's  Form,  as  2.302585,  &c.  is  to  i.ooooop., 
&c.  therefore  to  find  the  Angle  of  the  Rumb  for  the 
Logarithms  of  Briggses  Form  ;  this  muft  be  the  A- 
nalogy,  As  2302585,  &:c.  :  2908882,  8fc. ::  loooooo 
—  Radius:  12633114,  &c.  =:  the  Tangent  of  the 
Angle  51°  38'  9'',  whofe Logarithm  is  10.101510428, 

Wherefore  in  the  Riimb  Line  that  makes  an 
Angle  of  51°  38'  9'^  with  the  Meridian^  the  common 
(viz.  Briggses)  Logarithm-Tangents  are  the  true  Dif¬ 
ferences  of  Longitude. 

12.  But  if  or of Logarithm-T^angents  be 

made  by  Extra6lion  of  the  Root  of  the  infinitejl  Pow¬ 
er^  v^hokf  ndex  is  the  Length  of  the  Arch  you  put 
for  Unity  in  the  faid  Scale  \  then  fuch  a  Scale  of  Uo^ 
gcirithm-Tangents  fhall  be  the  true  Meridian  Line  re¬ 
quired.  If  then  the  Radius  or  Tangent  of  45**,  be 
put  I  ;  and  the  Difibrence  between  Radius  and 
any  other  Tangent  T,  be  called  t ;  fo  that  it  .be 
R±t— T  ;  the  Logarithm  of  the  Ratio  of  Radius  to 
fuch  Langent  ^\\\  be 


X 

n 


f4-  f-S 

X  -  +  3 - -  “  -I-  - ,  Lfr.  =  t  the 

l^ogarithm  of  the  Tangent  T,  when  it  is  R-f-tnzT. 

Or  “  X  t  -f-  ~  4-  L  L  L ,  l^c,  when  it 
^  345 

3s  R — t=T.  All  which  is  evident  from  Chap.  VI. 
Art.  6. 


13.  According  to  the  fame  Doc51:nne  (Art.  9.  of 
the  lame  Chap.)  if  T  be  any  given  Tangent,  and  t 
the  Difference  thereof  from  another  Tangent  ^  then' 

the  Logarithm  of  their  Ratio  will  be  -  y  d _ IL  -4., 

when  T  is  the  lefler 

Term.  But 


^  T  ‘  2T'^  ^  3T^  ‘ 

when  T  is  the  greater  Terra. 


jphap.  IX.  of  Meridional  Parts. 

14.  Again,  it  was  fhewn  in  the  fame  Chap,  VI. 
Art.  10,  and  ii.  that  thisSeries  may  be  made  to  con¬ 
verge  twice  as  fwift,  omitting  all  the  even  Powers, 
by  putting  V m  the  Sum  of  the  Tangents,  and  t 
the  Differences  as  above.  For  thus  the  Logarithm 

will  be  I X  l-f  =  the  Lo- 

garithm  of  the  Ratio  of  thofetwo  Tangent^. 

15.  But  the  Ratio  of  T  to  t,  or  of  the  Sum  of  two 
Tangents  to  their  Difference  is  the  fame  as  that  of  the 
Sine  of  the  Sum  of  thofe  Arches  to  the  Sine  of  their 
Difference ;  that  is,  again,  as  the  Ratio  of  the  Co^ 
Sine  of  middle  Latitude  (or  half  Sum  of  the  Arches) 
to  the  Sine  of  half  the  Difference.  Therefore  putting 
S  n:  Sine- Complement  of  middle  Latitude  ;  and  s  for 
the  Sine  of  half  the  Difference  of  Latitudes  ;  then 

L  —  L  •  and  fo  the  Series  will  become  ^  x  A  jp, 

,  i^c.  wherein  as  the  Differences 


t 


r  _  :L. 

3S^  ^  ^  7^ 

of  Latitude  are  fmaller,  fewer  Steps  will  fuffice. 

16.  So  that,  if  the  Equator  be  put  for  Middle -La^ 
titudes  then  fhall  SzzRadius,  and  fcSine  of  the  La¬ 
titude  •,  then  the  Meridional  Parts  reckon’d  from  the 

Equator  will  be^x~-j-~-^-|-^  + 

Here  becaufe  r=:i,  therefore  ^  ^ 

C ,  tfr,  the  half  of  which  is  L  ^  J  -Ll  _i  fl 
7  «  ‘ 

(^c,  =:  half  the  Logarithm  of  the  Ratio  of  r  -j-  J  to 

r  —  *,  that  is,  of  the  verfed  Sines  of  the  Diftances 

from  both  Poles.  See  Chap.  VI.  Art.  ii. 

17.  I  fhall  exemplify  this  Series  by  (hewing  how 
the  Meridional  Parts  anfwering  to  30®  Latitude,  are 
to  be  found  thereby,  and  that  by  the  Logarithms, 
as  follows, 

The 


/ 


Co7tJlrtiBton  of  the  T^able 

The  Logarithm  of  the  7  _ 

r,.  ^  ^000000 

Sme  or  30  Degrees  is  i 

Multiply  by . 

The  Logarithm  of . = 

Subftrad:  the  Logarithm  of . 3= 

There  remains  the  7  ^00*, 

Logarithm  of  i  ?  =  o.04i6667=.8.6i97887 


)=.  9. 69  8  9  700 
8 

.9.0969100 
0.4771213 


r  cs 


And  proceeding  thus, 
you’ll  find  the  o- 
ther  Steps  of  the^  7 
Series  by  their  Lo¬ 
garithms,  as  here 
fet  dov/n. 


—  =0.0062500; 


L  =0.001 1 1 60= 


;0.0002I7I  = 


^  —  zz:0. 0000444: 


.7.7958800 

.7.0476920 

•6.33M75 

^5-6472773 


The  Sum  of  s  +  —  -4< 

-4-  L  f  ~  I  f 
r  +  7  +  ^  +  >=0.5492942: 


,9.7398051 


ii: ,  &c.  is 


1  I 


To  which  add  7 

the  Log.  of  K'=3437-7467707S=&c.=3.5362739 
The  Sum  is  the 
Log.oftheiVfd’- 

Tidional  P-cirts^viz.  1888,334,  &c.  =3.2760790 
for  the  Arch 
of  30^ 


18.  And  thus  you  may  proceed  to  find  the  Length 
of  any  other  Arch,  or  the  Diftance  from  the  Meri¬ 
dian  of  its  Parallel  of  I  .atitiide  *,  and  fo  the  Meru 
dian  Line  may  be  confi:rud:ed  de  nozo^  if  any  one 
thinks  it  worth  while.  But  tho’  it  may  be  done  with 
greater  Accuracy  and  Exac^nefs  by  thefe  infinite  Se¬ 
ries  than  what  we  have  by  the  common  Method ,  yet 
the  Table  of  Meridional  Parts^  or  Nautical  Line 
made  from  thence,  now  in  Ufe,  is  abundantly  fuf- 
ficient  for  all  the  Purpofes  of  Sailing  ;  and  confe- 

quently 


'  Chap.  IX,  of  Meridional  Parts^ 

i;  quently  renders  a  new  Calculation  thereof-  unnecef* 
!  4ry,  and  a  Matter  of  mere  Curiofity.  And  indeed, 
i  fince  it  has  been  fhewn  above  (Art.  9,  10,  ii.)  thc 
I  Meridian  Line  is  no  other  than  a  Scale  of  the  Loga¬ 
rithm-Tangents  of  the  Half-Complements  of  the 
Latitude  on  the  Riimb  of  51°  the  Propofi- 

tions  of  Sailing  by  this  Method  are  refolvable  by 
i;  only  the  Canon  of  Logarithm-Tangents  at  the  End 
'I  of  this  Treatife  ;  fo  that  where  this  Canon  is  at  hand, 
j  neither  Meridional  Table  or  Line  can  be  necelTary, 
as  will  appear  by  a  Chapter  particularly  on  this  Sub- 
I  jed,  in  the  Pradiical  Part,  They  who  would  fee 
the  Theory  of  this  Branch  of  the  Art,  may  penife 
I  N°.  219.  of  iht  Philo fophical  PranfaPlions^  where 
j  they  will  find  a  moft  learned  Trad  on  this  Subjed, 
1  wrote  by  Dr.  Halley ;  from  whence  the  Subftance  of 
;  this  Chapter  is  taken. 


CHAP.  X. 

Of  the  Conftrudion  of  a  Large  ^Logarithmic 
Scale,  exhibiting  by  Infpedtion  a  diftindl  *  I- 
dea  of  the  Nature  and  Agreement  of^  Num^ 
hers  and  their  ^  Logarithms, 

I.  T  T  is  an  Obfervation  of  the  earliefi:  Antiquity, 
j|_  that  we  have  no  Ideas  in  the  Mind  which 
were  not  firfi  in  the  Senfes  ;  or  that  the  Senfes  of  the 
Body  are  the  only  Inlets  ox  Entries  by  which  tht  Ideals 
of  Ohjelis  prefent  themfelves  to  the  Mind,  It  fol¬ 
lows  then,  that  the  Ideals  muft  needs  be  fo  much  the 
more  clear  and  diftihdt  in  thoMind^  and  confequently 
be  the  better  underftood  by  it,  by  how  much  the 
more  fully,^  compleatly^  and  obvioujly  they  firfi:  of  all 
affed  our  Senfes,  Single  uniform  Objeds  eafily  in- 

finuate* 
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finuate  themfelves,  and  make  ftrong  and  clear  Ini- 
preflions  on  the  Mind^  while  thofe  which  involve 
Multiplicity  and  Variety  in  their  Nature,  are  pro¬ 
portionally  more  difficultly  apprehended  by  the 
Senfes,  and  confequently  afFe61:  the  Mind  with  im- 
perfe^^  confufed^  and  Jlight  Imprejfions^  which  there¬ 
fore  mufl:  produce  a  moxo,  per  pie  x^d^  ohfcure^  and  un¬ 
certain  Notion  or  Conception  of  the  Things  them¬ 
felves. 

2.  From  this  Con (ideration  we  may  eafily  learn 
the  Reafon  why,  of  all  the  vaft  number  of  Perfons 
who  underftand  the  practical  life  of  Logarithms,  fo 
very  few  of  them  know  any  thing  of  the  Nature  and 
Conjiru^ion  of  them.  The  Ufc  of  Logarithms  is 
very  obvious  to  the  Senfes  by  eafy  Examples,  but 
their  Nature  and  Conftru6tion  lead  the  Mind  too 
much  upon  the  Contemplation  of  Infinities  both  of 
^antity  and  Variety^  which  are  Subjecfts  too  vaftly 
abfirufe  and  remote  from  Senfie^  ever  to  be  very  com¬ 
monly  underdood  *,  unlefs  fome  Expedients  be  con¬ 
trived,  which  may  help  to  facilitate  fo  difficult  an 
Affair. 

3.  And  as  there  are  principally  but  three  Ways, 
whereby  the  Nature  of  Logarithms  are  explained, 
*viz^  by  Numbers^  Species^  and  Lines ^  the  Expedient 
aforefaid  muff  be  fought  in  one  of  thefe  three  Me¬ 
thods.  But  Numbers^  of  all  things  elfe,  exhibit  the 
moft  complex  and  various  Idea,  therefore  it  cannot 
be  hoped  for  from  them.  Species,  on  the  other  hand, 
are  too  fimple  and  concife  a  Reprefientation  of  fio  vaji 
and  various  Ideal s  as  are  thofe  of  Logarithms,  and 
have  nothing  of  their  Refemblance  in  their  Form  j 
this  Expedient  therefore  is  not  to  be  expeded  front 
this  Head.  It  remains  then,  that  Right  or  Curve 
Lines  be  ufed  for  the  Purpofe  of  explaining  the  Na¬ 
ture  of  Logarithms,  by  making  the  whole  Matter  ob¬ 
vious  to  the  Senfes.  And  here  indeed  we  fhall  find 
all  that  can  be  defired,  or  is  nect  ffary  to  the  Purpofe. ' 

I 
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4.  For  Example,  let  the  complex  Idea  of  a  thou- 
i  fand  Units  be  to  be  exprefs’d  moft  advantageoufly  to 
’  a  Mind  unexercifed  about  fuch  complex^ d  Notions  ; 
'  if  you  do  it  by  Numbers  or  Figures,  it  muft  be  by 

!  this  Expreffion  1000  ;  but  there  are  but  four  Cha-- 
ralfers  to  form  an  Idea  of  a  thoufand  feparate  Objedls 
in  the  Mind.  In  Species,  this  great  and  complex  I- 
;  dea  is  often  reprefented  by  one  Charadler  alone,  as  ; 
or  two,  as  i-j-:v  ;  which  are  ftill  more  obfcure  and 
!  abfolutely  unintelligible  without  fome  Pre-Notions  of 
!'  the  Matter.  But  a  Line  may  be  taken  of  a  Length 
fufficient,  that  by  proper  Divihons,  all  the  thoufand 
II  Units  may  be  render’d  diftindl  and  obvious  to  the 
:  Senfe,  in  any  variety  of  Magnitude  almoll,  but  efpe- 
i  cially  if  they  are  equal  to  each  other,  as  in  the  Cafe 
of  Logarithms  before  us.  Wherefore,  lince  by  Lines 
:  fuch  great  and  aim  oft  inconceivably  complex  Ideas  are 
;  capable  of  being  reprefented  to  the  Senfes,  diftindl 
I  and  feparate  in  their  proper  Parts^  and  the  Docirine 
of  Logarithms  depending  entirely  on  fuch  Ideas,  ’tis 
evident  that  by  Means  of  Lines  cf  a  fufficient  Length, 
the  Nature  and  Properties  of  Logarithms,  and  the 
'  Operations  thereby,  may  be  render’d  more  apparent 
j  and  compleat  to  the  Senfes,  and  fo  be  better  under- 
'  flood  in  the  Mind,  than  by  any  other  Means  what- 
:  foever. 

5.  The  Confequence  of  all  which,  is,  that'  the 
young  Tyro,  and  all  who  would  have  a  true  Notion 
and  moft  clear  Underfianding  of  this  abftrufe  and  my- 

^  flerious  Dodrine,  fhould  be  affifted  with  fuch  2.  large 
'  lineal  Confrudlion  of  the  Logarithms,  as  hath  been 
hinted  at.  And  this,  1  hope,  I  have  effeded  in  the 
far ge  Diagram  on  the  Copper- Plate  before  you,  with 
confiderable  Exadnefs,  wffiich  I  call  the  Logarith- 
:  mic  Scale.  Wherein  all  that  has  been  faid  in  the  Ge- 
'  neral  Theory  aforegoing,  or  may  follow  in  da^praPA- 
\  cal  Operations  of  Logarithms,  is  evident  even  to 
,  Senfe  itfelf,  to  a  very  wonderful  degree,  by  a  bare 

L  Infpedlion, 


74  7he  ConfiruBion  of  a  Scale, 

inrpe(5i:ion5  or  a  Glance  of  the  Eye  only  ;  and  there¬ 
fore  cannot  but  conduce  to  form  a  very  diftindt  and 
agreeable  Idea  or  Notion  both  of  the  "Theory  and 
Praxis  of  this  admirable  Art. 

6.  The  Scale  con  fids  of  three  principal  Lines 
which  bound  it  *,  the  Jirfi  is  AB  on  the  Side,  which 
is  22  Inches  in  Length,  and  is  divided  into  looo  e- 
qual  Parts  which  reprefent  the  natural  Numbers  frorrt 
I  to  1000,  all  which  are  vifible  and  diftindl  to  the 
naked  Eye  *,  which  Numbers  therefore  are  affixed  to 
every  loth  Divifion.  The  fecond  is  AC  at  the 
Bottom,  divided  into  300  equal  Parts^  (as  being  but 
I  6to  Inches  long.)  Thefe  reprefent  the  Logarithms  , 
if  each  of  thefe  equal  Parts  be  fuppofed  to  reprefent 
10,  or  100,  the  Logarithms,  then,  for  all  Numbers 
under  1000,  will  be  exhibited  by  Lines  only  to  4 
pr  5  Places  of  Figures,  including  the  Indices,  The 
third  principal  Line  is  the  Logarithmetic  Curve 
eDEFB,  in  v/hich  all  the  Lines  of  Numbers  Lo~ 
garithms  terminate,  and  whofe  Genefts  and  Proper^ 
ties  have  been  before  defcribed.  See  Chap.  Ill,  IV^ 

V,  Cf.:.  ^  ^ 

7.  The  Scale  conffls  (cr  is  made  up)  of  Lines  of 
Numbers,  and  others  which  are  the  Complements  of 
the  FiOgarithms  to  3.0000.  The  firft  ?iXQ;  perpendi¬ 
cular  to  the  Logarithmciic  Line  AC  in  its  feveral 
pivilions,  and  increafe  in  Length  in  a  Geometrical 
patio  ;  as  hath  been  obferved  :  thus  dividing  AC 
into  3  equal  Parts  CG=GPI,~HA,  if  GD  be  the. 
loth  prcpcriicnal  Term  from  Ce==;=r,  or  Unity,  then 
Ihall  GD=:ToCe=io,  and  FJE=ioGDz=iooCe=;: 
joo.  Laftlv,  AB=eio  FIE —too  GD=  1000 Cezr: 
1000  ;  as  is  evident  from  the  Nature  of  the  Curve^ 
and  by  Ltfpedlicn.  The  Complements  of  the  Loga¬ 
rithms  are  the  Lines  which  run  acrofs  the  Diagram,, 
parallel  to  the  Line  of  Logarithms  AC  ;  thefe  at  the 
Curve  refer  the  Numbers  to  their  proper  Logarithms, 
^nd  by  means  of  thofc  Lines  thus  croffiing  each  other 
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’  m  every  Part  o  f  the  Scheme^  the  Logarithm  of  Niim- 
'1  her.,  and  the  Nunrhers  of  Logarithms  are  moft  eafily 
and  obvioufly  found,  for  the  Extent  of  the  Scale, 
by  Infpe£iion  only. 

8.  It  is  not  pretended  that  this  (or  any  other)  ///- 
;  firument  is  capable  of  any  great  Exadnefs  in  praBical 
'I  Operations  ;  ’tis  fucffiient  for  my  Defign,  if  it  only 
•i  illuftrates  and  proves  the  Truth  of  every  patt  of  the 
i  LoEirine  of  Logarithms  to  the  Senfe,  and  thereby 
I  renders  it  eafier  to  the  IntelleBs  of  yotmg  Learners. 
i  If  the  Theory  before  deliver’d  be  examined  by  this 
^  Scale.,  it  v/ill  be  found  to  agree  with  it  to  a  fenfihle 
,1  ExaElnefs ;  it  being  as  it  were  but  the  fame  thing  at 
I  large.  In  the  following  Part,  I  fhall  fhew  the  Cor- 
!  fefphndence  and  mutual  Agreement  between  the  fun- 
(  'd ament al  Operations  by  Logarithm^  wrote  by  Num- 
I  hers.,  and  the  fame  performed  on  this  Scale  \  than 
I|  which  nothing  more^  that  I  know  of,  can  be  faid  or 
i  expededo 

I  ' 
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CHAP.  XI. 

'  Of  the  Conftrudtion  of  the  Artificial  Lines  of 
Numbers,  Sines,  Tan  gents,  bytneatts 

of  the  Logarithms, 

■I.  r  s  1  H  E  Canon  of  Logarithms  being  compleated 
Jl^  and  orderly  digefted  in  Books’^  tho’  this  was 
a  greater  Advantage  than  the  Mathematicians  of  any 
former  Age  enjoy’d,  yet  not  cpntent  to  have  a  bulky 
Book  of  Logarithms,  fit  to  be  ufed  in  Studies  and 
with  the  Pen  only,  the  reftiefs  and  unfatisfy’d  Fa¬ 
culty  of  Invention  in  Men  put  them  upon  Contri¬ 
vances  to  new -model  and  reduce  the  voluminous  Art 

L  »  to 
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to  Miniature^  that  fo  it  might  be  render’d  more 
eaftly  manageable,  and  more  univerfally  ufeful. 

2.  In  the  Purfuit  of  this  Deiign  they  alfo  very 
well  fucceeded  *,  for  (ince  Numbers  of  any  kind  are 
capable  of  being  reprefented  by  Right- Lines ^  they 
were  not  long  unappriz’d  that  the  whole  Body  of  the 
Canon  of  Logarithms  might  be  laid  down  and  ex- 
prefs’d  in  the  Divilions  of  one  Jirait  Line,  Mr. 
Gunter,,  ProfefTor  of  Geometry  at  Grejh  am -College, 
was  the  firft  who  took  this  matter  in  hand,  and  con- 
ftrucled  fuch  artificial  Line  o^Log2ir\t\\ms  *,  which 
therefore  from  him  was  called  (ever  fincej  Gunter's 
Line,,  or  limply,  tht  Gunter.  The  fame  Perfon  alfo 
conftrud:ed  artificial  Lines  of  Sines  and  tangents ; 
and  all  thofe  Lines,  with  fome  others  laid  down  on 
a  Scale,  make  what  we  commonly  call  Gunter's- 
Scale. 

3.  The  ConftruSiion  of  thofe  artificial  Lines  is  - 
eafy  to  be  underftood,  and  is  as  follows.  Draw  the 
Right-Line  AB  (Fig.  VII.)  which  divide  into  10 
great  equal  Parts,  as  is  there  denoted  by  i,  2,  3,  4, 
S^c.  and  each  of  thefe  into  10  others,  and  fo  on. 
Conceive  thefe  fever al  Diviftons,  or  equal  Parts,  to  • 
reprefent  the  Logarithms  in  the  Canon  for  the  natu¬ 
ral  Numbers.  Now  fuppofe  the  whole  Length , 
AB— 10,  then  the  frft  grand  Divifons  will  be  i,  2, 
3,  4,  &c.  But  if  A  B— 100,  then  the  firft  Divijions  \ 
will  be  10,  20,  30,  Ljc.  and  the  fccond  DiviJions' 
I,  2,  3,  &c.  Again  if  AB=iooo,  tho.  prime  Di- 
vifions  will  be  100,  200,  300,  Lfc.  and  the  fecondary^ 
Divifons,  io,  20,  30,  Lfr.  Suppofe  the  latter  Cafe, , 
viz.  AB=iooo;  then  draw  another  Right-Line  CDC 
equal  and  parallel  to  AB,  the  natural  Line  of  Lo¬ 
garithms. 

4.  Now  in  the  Line  CD,  fuch  Divifions  are  to  be:* 

made  as  may  reprefent  the  Places  of  the  natural! 
Numbers  i,  2,  or  10,  20,  30,  or  ioo„. 

200,  300,  But  neglehling  the  I?idices  of  Loga-- 

rithms,,i 
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rithms,  ’tls  plain,  fince  the  Logarithms  of  the  Num¬ 
bers  I,  10,  100  ;  2,  20,  200  3,  30,  300  5 

are  the  fame,  the  Diftances  of  thofe  Numbers  will  be 
the  fame  on  the  Line  or  Scale  CD.  And  therefore 
fince  the  Logarithm  of  i,  is  ==  o,  the  Number  i 
muft  be  placed  at  the  very  Beginning  of  the  Line 
CD,  from  whence  the  Logarithms  begin  in  the  Line 
(  AB.  Then  becaufe  the  whole  Line  AB  =  1000 
!  Logarithm  of  io=CD,  therefore  againft  the  Loga- 
!  rithm  of  2,  which  is  =301  in  the  Line  AB,  make 
a  Divihon  in  the  Line  CD,  and  by  it  place  the  Num¬ 
ber  2.  Again,  becaufe  the  Logarithm  of  3  is  =47 7 
in  AB,  therefore  correfpondent  to  the  Point  in  AB* 
make  another  Divifion  in  CD,  and  by  it  place  the 
Number  3.  The  Logarithm  of  4  is  602,  therefore 
I  fronr  602  in  AB  make  a  Divifion  in  CD,  by  which 
jl  you  muft  place  the  Number  4  ;  and  thus  you  pro¬ 
ceed  to  find  theDivifions  for  the  other  Numbers  to 
I  lo  in  the  Line  CD,  by  the  Logarithms  of  thofe 
Numbers  in  the  Line  AB. 

5.  If  the  Divifions  in  the  Line  CD  now  found 
for  the  Numbers  i,  2,  3,  4,  be  fuppos’d,  in- 
ftead  of  them,  to  be  for  the  Numbers  10,  20,  30, 
40,  then  each  of  thofe  Divifions  may  be  fub- 
divided  into  10  others,  by  the  Logarithmic  Parts  in 
the  Line  AB.  Thus,  becaufe  the  Logarithms  of 
II,  12,  13,  14,  are  41,  79,  113,  146,  Cfr. 
therefore  againfl:  thefe  latter  Numbers  in  the  Line 
j  AB,  make  Divifions  in  the  Line  CD,  fo  fhall  the 
\  firft  grand  Divifion  from  i  to  2  be  divided  again  into 
!  10  others.  Again,  becaufe  the  Logarithms  of  21, 

:!  22,  23,  24,  Lie.  are  322,  342,  361,  380,  Lie. 

I  therefore  Divifions  made  in  CD  againfi:  thefe  Num- 
!  bers  in  AB  will  finifh  the  Subdivifions  of  the  Space 
I  from  2  to  3,  in  the  faid  Line  CD.  And  thus  pic- 

l  ceeding,  you  may  fubdi vide  all  the  other  of 

i  prime  Divijions,  to  the  End  of  the  Line, 


6. 
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6.  If  your  Lines  be  of  fo  great  Length,  that  thefe 
laft  Subdivifions  in  CD,  are  ftill  of  a  Length  capable 
of  d.nothtT  tenfold  Divi/ion  then  the  iirfl:  grand  Di* 
vifions  muft  be  reputed  100,  200,  300,  fsfr.  and  fo 
fince  the  Logarithms  of  the  Numbers  loi,  102, 

201,  202,  Q'c.  301,  302,  are  4,  8,  (jfc,  303^ 
305,  478,  480,  Cfr.  therefore  if  againft  thele 

Parts  in  AB,  you  make  Divifions  in  CD^  there  tvill 
enfue  a  triple  Divifion  of  the  faid  Line  CD,  which 
is  more  than  is  neceflary  for  Inftrumental  Ufes^  and 
indeed  cannot  be  done  but  only  for  the  two  or  three 
firft  Divifions. 

7.  Thus  have  you  feen  the  Conftrudlion  of  the 
Artificial^  Logarithmic^  or  Gunter'* s  Line^  fo  famous 
in  all  Parts  of  the  Mathematics.  A  Line  which  per¬ 
forms  the  Bufinefs  of  the  whole  Logarithmic  Canon  ; 
nnce  the  Divifions  of  this  Line  have  all  the  fame 
Properties  with  regard  to  the  natural  Numbers  on  itj 
as  the  Logarithms  of  the  Table  have  to  the  Numbers 
correfponding  to  them.  ’Tis  plain  the  Divifions  and 
Relation  of  thefe  two  Lines  AB,  CD,  are  the  fame 
as  At,  and  AT,  in  Fig.  IV.  and  III.  Confequently 
what  has  been  faid  of  thofe  Lines  heretofore  will  help 
to  illuftrate  the  theory  and  Conftrudlion  of  the  Lines 
now  under  Confideration.  But  fince  in  Ufe  the 
Gunter  CD  is  fuppofed  to  be  divided  into  an  100 
Parts  at  leaft,  therefore  you  always  (ormoftly)  ob- 
ferve  it  of  a  double  Length  of  that  which  is  exprefied 
in  Fig.  VII.  which  Length  is  commonly  called 
dius\  and  fo  the  Gunter  in  common  Ufe  is  faid  to 
be  of  a  double  Radius  \  becaufe  elfe  the  Divifions  for 
the  nine  Digits  would  be  wanting,  fince  the  Difiance 
from  I  to  10  is  equal  to  that  from  lO  to  100,  as  is 
evident  from  the  foregoing  Conftrudion,  and  from 
the  theory  of  Logarithms. 

8.  Having  thus  fhewn  the  Conftrublion  of  the  Line 
cf  Numbers,  the  Conftrublicn  of  the  Lines  of  artificial 
Sines  and  Tangents  eafily  follows  j  fince,  as  before 

obferved. 
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obferved,  the  Logarithms  of  Sines  and  Tangents  arc 
nothing  more  thmcommoti  Logarithms  of  fuch  Num¬ 
bers  as  exprefs  the  Sines  and  Tangents  of  each  Minute 
of  the  ^adrant. 


Leg. 

N.Sine. 

^pg- 

N.Tang. 

Log. 

1 

U 

2418 

17 

2419  ■ 

2 

34 

5428 

35 

5430 

3 

52 

7188 

52 

7194 

4 

69 

8345 

70 

8446 

5 

87 

9402 

87 

9419 

6 

104 

1.0192 

105 

1.0216 

7 

12 1 

1.0858 

122 

1.0891 

8 

139 

I-I435 

140 

1.1478 

9 

156 

1-1943 

158 

1. 1997 

10 

173 

1.2396 

176 

1.2463 

20 

342 

1-534® 

363 

1.5610 

30 

500 

1.6989 

577 

1.7614 

40 

642 

1.8080 

839 

1.9238 

50 

766 

1.8842 

1191 

2.0761 

60 

866 

1-9375 

1732 

2.2385 

70 

939 

,1.9729 

2747 

2.4389 

80 

984 

1-9933 

5671 

2-7536 

90 

1 000 

2.0000 

Infin. 

Infin. 

In  the  little  Table  above,  the  firft  Column  contains 
the  Degrees,  the  2d  and  4th  the  Natural  Sines  and 
Tayigents,  and  the  3d  and  5th  Columns  contain  the 
Logarithms  of  thofe  natural  Sines  and  Tangents,  the 
Indices  being  omitted,  and  the  Radius  fuppofed  = 

lOOOO. 

9.  Let  three  Lines  be  drawn,  and  let  I.  =:  Line  of 
Logarithms,  or  double  Radius  of  20000  equal  Parts  % 
S  =  a  Line  for  Sines  *,  and  T  =  Line  for  Tayigents ; 
the  two  latter  muft  be  drawn  equal  and  'parallel  to  the 
firft  *5  as  in  the  Conftrudtion  of  the  Line  of  Number s. 
Then  having  graduated  the  Line  L  into  20000  equal 
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Parts,  if  againft  fuch  of  thofe  Parts  as  are  exprefs’d 
by  the  Numbers  in  the  3d  Column,  you  make  Di- 
vifions  in  the  Line  S,  and  by  thofe  Divifions  you 
place  the  Numbers  in  the  firft  Column,  you  will  then 
have  the  artificial  Line  of  Sines  S  graduated  for  the 
hrft  great  Divifions  of  1,2,  3,  4,  5,  6,  10,  20, 

30,  Degrees :  After  the  fame  manner  by  the 
Table  of  Logarithmic  Sines  you  find  Numbers,  from 
whence  in  the  Line  L  you  find  Divifions  in  the  Line 
S  for  Minutes^  and  Parts  of  Minutes,  And  thus  the 
Line  of  artificial  or  Logarithmic  Sines\'^  finifhed. 

10.  Again,  from  the  fame  Parts  of  the  graduated 
Line  L,  as  are  found  in  the  fifth  Column  of  the  Th- 
hlet^  you  make  Divifions  in  the  Line  T,  and  by  them 
place  the  Numbers  of  the  firfi:  Column,  the  Line  T 
lhall  be  the  artificial  Line  of  Langents  graduated  for 
the  firfi  great  Divifions  of  i,  2,  3,  4,  5,  SAc.  10,  20, 
30,  iSc.  Degrees.  And  the  Subdivifions  for  Minutes 
will  be  found  as  before  diredfed.  Buttho’the  double 
Radius  on  the  Line  L  fuffices  for  graduating  the  Line 
of  Sines  S,  to  the  whole  Length  of  90  Degrees,  be- 
caufe  all  Sines  are  lefs  than  the  Radius  of  a  Circle, 
which  is  the  greateft  Sine  *,  yet  becaufe  the  Radius  of 
a  Circle  and  the  L an  gent  of  45  Degrees  are  equal  ; 
therefore  ’tis  evident  the  l.ogarithms  of  all  Tangents 
greater  than  45  Degrees,  will  exceed  the  Length  of 
the  line  L,  as  is  plain  from  the  fifth  Column  of  the 
foregoing  Tablet. 

1 1 .  But  fince  Radius  is  a  mean  ProportionalhttvjQ^w 
Xh<e,'Iangent  of  any  AVaa,  and  tht  Lange nt  of  that 
Arclfs  Complement,  it  follows,  that  the  natural  Tan¬ 
gents  in  ihcGecme trie  Ratio  or  Scale  d.rQ.  equally  dift ant 
on  each  Side  from  the  Ruidius  or  Tangent  of  45  De¬ 
grees :  and  therefore  the  Logarithms  of  \.h.o{c  natural 
Tanyents.  winch  are  CQuidHiant  cn  each  Side  the  Ra- 
dins  ox  Logarithm  of  45^,  are  alfo  equi different ;  that 
is,  their  Dijferences  are  equal,  d'hus  the  Difference 
of44"’  and  46^,  from  Radius  is  the  fame  s  and 

the 
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i:  the  Differences  of  40^  and  50^,  30®  and  60^,  20® 
and  70^,  are  refpecflively  equal  to  each  other  *, 
and  conffquently  the  firil:  great  Diviflons  from  i  to 
;  45 on  the  Line  T  of  artificial  Tangents^  will  Jike- 
wife  ferve  for  the  Co-Tangents  of  thofe  Degrees,  that 
1  IS,  for  all  the  Tangents  from  45®  to  90^,  reckon’d 
:  back  again  to  the  beginning  of  the  Line  T.  And 
:  this  is  the  Reafon  why  on  thofe  Lines  of  Tangents^ 

I  you  fee  the  Num]')ers  placed  at  each  loth  Divifion, 

:  thus  10}  80,  20I70,  30(6  0,  40(  so,  45,  at  the  End. 

For  otherwife  the  fald  Line  of  Tangents,  mull  be 
:  continued  out  to  double  the  Length  it  now  is,  which 
i  would  not  be  near  fo  convenient. 

12.  The  Numbers  in  the  2d  and  4th  Columns  are 
'  the  Diviflons  on  the  Gunter^  which  correfpond  to  the 
1  fimilar  Divifions  on  the  Lines  of  Sines  and  T angents  ; 

‘  wherefore  the  former  being  already  made,  the  two 
i  latter  may  alfo  eafily  be  conffru<5led  by  means  of  that. 

I  And  thefe  things  are  all  I  judge  neceffary  to  be  faid 
I  here  concerning  the  Conftrudtion  of  thofe  excellent 
Lines  of  artificial  Numbers^  Sines^  and  Tangents  ; 
and  as  to  their  Ufes,  that  will  be  a  Subjed:  to  be 
treated  of  ^fttr  tlio  prablicalUfe  of  tho' Logarithms 
themfelves  is  firff  explain’d  and  inculcated  *,  for  then 
I  the  Ufe  of  thefe  Indruments  will  be  much  better  con- 
:  ceived  and  underftood. 
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CHAP,  xii; 

Manner  ^ufing  Tables  o/Lo- 
GARiTHMS  tn  Practice  5  and oj  the  Pre- 
requifites  thereto. 


I .  H  E  Logarithms  being  made  for  natural 
i  Numbers  by  fome  of  the  Methods  before¬ 
going,  the  next  thing  necefTary  was  to  difpofe  them^ 
into  fome  convenient  Order  ox  Form  (oxpra5iicalUfes, 
And  fuch  a  Digeji  orCollcdlion  of  Logarithms,  we 
call  the  Logarithmic  Canon  or  Fables. 

2.  Thefe  Tables  are  of  two  Sorts  ;  the  firft  con¬ 
tains  the  Logarithms  of  all  natural  Nu^nbers  from  U- 
nity  or  i  to  loooq,  or  loiooo  (as  thofe  large  Fables 
of  Mr.  Sherwin.)  In  thefe,  the  general  Manner  or 
Form  is  fuch  as  here  exprefs’d 
in  the  Margin,  which  confifts 
of  two  Columns  ;  in  the  firft  are 
placed  the  Numbers^  in  the  fe- 
cond  tht  Logarithms  correspond¬ 
ing  thereto,  with  their  Indices. 

And  three  of  thefe  double  Co¬ 
lumns  fill  a  Page  in  common 
Books  of  this  Form  ;  and  this, 
of  all  others,  is  the  moft  obvious 
and  eafy  as  to  its  Ufe,  which  therefore  can  need  no 
Explanation.  For  by  Infpe6lion  only  is  feen  what 
Logarithm  belongs  to  any  Number  within  the  Com- 
pafs  of  the  Table. 

3.  But  tho’  the  aforefaid  Form  be  the  moft  natu¬ 
ral  and  obvious,  yet  it  is  not  the  moft  artful  and 
comprehenjive  ;  therefore  another  Form  or  Difpofition 
of  the  Tables  for  natural  Numbers  has  been  contrived 

more 


Numb. 

Logarithms. 

997 

2.9986951 

998 

2-9991305 

999 

2-9995655 

1000 

3.0000000 

1001 

3.0004341 

1002 

3.0008677 

1003 

3.001 3009 

i 

i 

1 
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more  concife,  or  which  takes  up  lefs  room,  and  is  yet 
as  perfecfl  and  ufeful  as  the  other ;  a  Specimen  of  this 
form  I  have  here  annexed. 


N^.  Logarithms. 

U4 

175 

0  I 

2 

3 

4 

238046 

240549 

243038 

238297 

240799 

243286 

238548 

241048 

243534 

238799 

241297 

243782 

239049 

241546 

244030 

I  In  which  the  natural  Numbers  are  placed  in  the  Side^ 

\  Column  to  the  left  hand^  all  but  the  Units  Place^  or 
firft  Figure  of  the  Numbers,  which  is  found  in  a  pa- 
I  rallel  Column  on  the  top  of  the  Page,  in  the  Order 
b,  ij  2,  3  4,  as  you  fee  in  the  Specimen.  By 
I!  this  means  one  Column  of  Numbers  fufHces  for  one 
'  Page^  whereas  in  the  other  Form  there  are  three  fuch 
'  Columns,  the  whole  Page  itfelf  conlifling  entirely  of 
:  the  Logarithms,  which  in  this  Cafe  admits  of  five 
!  Columns  *,  but  the  Indices  are  here  omitted  as  not  be- 
i  ing  necefTary,  fince  they  are  known  by  the  Numbers. 

The  manner  of  ufing  this  Form  is  yet  very  eafy. 
i'  For  Example,  to  find  the  Logarithm  of  the  Num- 
ber  1742  *,  againfl:  174  in  the  Side-Column,  and  under 
.[  the  Units  Place  2  at  the  top,  I  find  the  Logarithm 
241048^  and  fince  the  Number  has  four  Places,  the 
i|  Index  muft  be  3  j  where  3.241648  is  the  Loga- 
;!  rithm  compleat  for  the  Number  1742.  Thus  the 
Logarithm  of  1 753==3. 243782  *,  and  fo  for  others. 

'  4.  But  the  Tables  of  Logarithms  are  yet  capable  of 

1  a  further,  and  much  more  curious  Improvement  with 
;j  regard  to  their  Contradlion  or  Concifenefs  *,  for  fince 
'!  the  Differences  of  Logarithms  decreafe  as  the  Num- 
'f  bers  increafe,  *tis  plain  thofe  will  grow  very  fmall  as 
thefe  become  very  large  *,  and  confequcntly  the  two 
I  or  three  firft  Figures  of  the  Logarithms  to  the  left 
j|  will  be  the  fume  for  divers  large  Numbers  together  in 

M  2  the 
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the  Canon.  Thus  for  Inftance,  the  Logarithms  of  all 
the  Numbers  between  4168  and  4266,  have  the  two 
firfi:  Figures  to  the  left  the  fame  in  every  one,  viz. 
62,  So  likewife  all  the  Logarithms  between  the 
Numbers  9954  and  9977  have  their  firil:  three  Fi¬ 
gures  the  fame,  viz.  998,  the  Difference  of  the  Lo¬ 
garithms  being  only  in  the  remaining  Figures.  The 
Figures  of  the  Logarithms  therefore  may  be  reckoned 
of  two  forts,  viz.  fuch  as  are  permanent  or  the  fame, 
for  certain  Intervals and  fuch  as  are  variable  or  al¬ 
ways  altering.  In  this  Form  of  the  Canon  now  un¬ 
der  Confideration ,  thefe  permanent  Figures  are 
printed  but  once  for  their  refpedlive  Intervals,  and 
that  in  the  firfi:  Column  of  Logarithms  next  the 
Numbers  the  variable  Figures  pertaining  to  each 
Logarithm  make  the  Subftance,  or  fill  the  whole 
Face  of  eachPage,  as  in  theSpecimen  here  fubjoin’d. 


Lop^arithms. 

0 

I 

2 

3 

4 

132 

12.0574 

0903 

1231 

1560 

1888 

133 

3852 

4178 

4504'4830 

5156 

134 

7105 

7429 

7752 

8076 

8399 

135 

13-0334 

065/; 

0977 

1298 

1619 

136 

3539 

3858 

4177 

4496 

4814 

137 

6721 

7037 

7354 

7670 

7987 

1 3  ^ 

9879 

*0194 

0508 

0822 

1136 

139 

14-3015 

3327 

3639 

395> 

4263 

945 

975-432 

478 

524 

570 

6r6 

94C 

.891 

937 

983 

*029 

075 

947 

976-350 

396 

442 

487 

533 

948 

808 

854 

900 

946 

991 

949 

977.2dff 

312 

35^ 

403 

449 

5.  The  Numbers  here,  as  in  the  laft  Form.,  are,, 
for  the  three  fiift  Figures  to  the  left,  found  in  ther 
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j  Side- Column,  the  other  Figure  at  top.  The  Loga- 
:1  rithms  in  this  Specimen  are  65,  yet  but  fix  of  them 
need  be  exprefihd  at  length,  viz.  thofe  for  the  Num- 
:  bersi^ao,  1350,  1390,  945O1  947^5  949^.  The 
i  Logarithm  for  1320  is  thus  wrote,  12.0574,  to  de~ 

'  note  the  two  firft  Figures  12  (feparated  by  a  Dot) 

•|  are  permanent  thro’  the  Interval  between  1320  and 
;  1350,  that  is,  they  belong  to  the  Logarithms  of  all 
the  intermediate  Numbers  betw^een  thofe  two,  and 
therefore  need  be  exprefs’d  only  for  the  firft ;  the 
j  other  Part  of  the  faid  Logarithm  which  is  variable^ 
is  exprefs’d  alone  in  all  the  reft.  The  upper  Part  of 
this  Specimen  oxTariff  confifts  of  Logarithms  having- 
I  two  Figures  in  the  permanent  Part  ;  the  lower  part 
I  is  an  Example  of  Logarithms  having  three  Figures 
in  xhtpermanent  Part.  To  find  a  Logarithm  there- 
I  fore  to  any  given  Number,  will  ahb  be  very  eafy  in 
!  this  Form.  Thus,  fuppofe  the  Logarithm  be  fought 
:  for  in  the  Number  1323,  ’tis  found  in  this  Manner. 

I  Take  the  permanent  Part  either  againft  or  next  above 
I  the  three  firft  Figures  132,  which  here  is  12,  then 
I  againft  132  and  under  3  at  the  top,  you  find  the^^- 
!  viable  Part  1560,  to  which  prefix  permanent  Part 
\  12,  and  you  have  the  Logarithm  121560,  which 

f  with  the  Index^  is  3.121560.  Again,  to  find  the 
Logarithm  of  1374,  take  13  permanent  Part  next 
above  the  three  firft  Figures  137,  then  againft  137, 
and  under  4  at  top,  you  find  the  variable  Part  7987, 
which  annexed  to  the  former  Part  13,  make  137987, 
and  with  the  Index^  3*^379^7)  the  Logarithm 
fought. 

6.  Thus  alfo  you  proceed  when  the  permanent 
Part  confifteth  of  three  Figures.,  Vv'here  the  Intervals 
are  much  Ihorter.  One  caution  only  is  necefiary, 
and  that  is,  that  you  obferve  in  thofe  Lines  where 
there  is  found  an  AJierifm  to  join  all  the  variable 
P arts  in  that  Line  before  the  to  the  permanent 
Part  next  above  \  and  all  after  it,  to  th^t  next  below. 

Thus 


k 


I 
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f  • 

Thus  In  the  ^th  Line,  and  2d  Column,  you  fee  ah 
Afterifm  therefore  the  variable  Fart  9879  before 
it  muft  be  join’d  to  13  permanent  Fart  next  above 
it,  to  form  the  Logarithm  3.139879  for  the  Num¬ 
ber  1380  :  But  the  variable  Farts  0194,  0508,  tt’r. 
following  it^  are  to  be  annexed  to  14  the  permanent 
Part  next  below^  to  form  the  Logarithms  3. 1401 94, 
3.140508,  i^c,  for  the  Numbers  1381,  1382, 

The  Reafon  of  which  I  prefume  muft  be  felf-evident 
to  every  Reader. 

7.  I  have  been  the  more  prolix  on  this  lajl  Form^ 
left  any  Obfcurity  or  Uncertainty  fhould  remain  to 
difcourage  or  prejudice  young  Fyro  againft  fo  rare 
and  fo  advantageous  a  Contrivance.  I  fay,  rare  ; 
becaufe  I  have  never  feen  (amongft  many)  above  one, 
vi%.  Sherwin^s  Canon,  in  this  Form  ;  and  that,  by 
reafon  its  great  Price  ^  is  not  very  common.  Tho* 
that  Gentleman  fays  in  his  Preface,  he  has  in  this  ex¬ 
cellent  Method  followed  Dr.  John  Newton  in  his  Fri- 
gonometria  Britannica^  a  Book  which  I  have  not  feen. 
The  Advantage  alfo  of  this  Abbreviation  is  next  to 
that  of  the  Invention  it  felf  *,  for  hereby  the  prolix 
and  unzvieldy  Fables  (in  their  original  Form)  are  re¬ 
duced  or  abridg’d  to  one  half  the  Bulk  nearly  ;  all 
the  fuperfluous  Part  being  omitted,  and  nothing  but 
what  was  necefiary  retained  in  this  Canon. 

8.  According  to  this  moft  excellent  Abridgment 
therefore,  I  have  firft  of  all,  that  I  know  of,  pub- 
liftied  the  common  Canon  of  Logarithms  for  Num¬ 
bers  from  I  to  10000  •,  having  taken  the  no  fmall 
Pains  of  tranfcribing  the  whole  with  my  own  hand 
from  the  aforementioned  large  Work  of  Mr.  Flen, 
Sherwin^  which  is  the  moft  correct  of  any  extant. 

g.  In  this  Form  or  Difpofition  of  the  Canon,  I 
have  alfo  publifhed  the  Logarithms  of  Sines  and  Tan¬ 
gents  *,  which  thing  hath  not  been  done  before  in  any 
Work  great  or  fmal),  that  I  have  ever  feen  Or  heard 
of.  This  makes  the  2d  Part  of  the  Logarithmic 

Tables, 
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i  Tables,  as  mentioned  Art.  2.  And  lince  they  arc 
:!  liere  in  a  different  Form  from  all  others,  it  may  not 
'  be  unneceflary  to  hint  to  the  young  Learner,  that 
*1  tbe  Numbers'  exprefs’d  in  the  Side-Column  are  the 
;i  Degrees,  and  every  loth  Minute,  and  the  Numbers 
f|  in  the  parallel  Column  at  top  are  the  Minutes  between 
I  the  loths;  fee  the  following  Tariff  of  the  Logarithms 

of  Sines  in  this  Form  for  the  Minutes  from  72  De- 

ii  grees  to  73. 


D.  ' 

0 

I 

2 

3 

4 

72.  0 
10 

20 

30 

40 

50 

978.206 

615 

979.019 

420 

816 

980.208 

247 

655 

059 

460 

855 

247 

288 

696 

100 

500 

895 

286 

329. 

736 

140 

539 

934 

1325 

379 

777 

180 

579 

973 

'364 

To  give  an  Exarnple,  l^t  the  Logarithm  be  fought 
for  the  Sine  of  72°  43'.  Seek  in  the  Side-Column 
72^  40',  next  above  which  is  'permanent  Part  of 
the  Logarithm  979  in  the  firfl:  Column  of  Loga¬ 
rithms  ;  then  againft  72^  40,  and  under  3'  at  top. 

:  you  find  the  variable  Part  934,  which  annexed  to 
ii  the  other  makes  979934 ;  to  which  prefix  the  Index 
ii  (which  is  fet  at  the  top  of  each  Page)  9,  and  the  Lo¬ 
ll  garithm  is  compleat,  ^iz.  9.979934  for  the  Sine  of 
ii  72^  43'  j  and  thus  you  proceed  for  any  other. 

10.  I  have  contracted  the  Logarithms  to  fix  Places 
I  of  Figures  only,  as  being  fufficient  in  common  Ufe  ; 
ii  the  natural  Sines  and  Fangents  are  not  here  infer  ted, 
fince  when  their  Logarithms  can  be  ufed,  they  them- 
li  felves  are  ufelefs.  Befides,  whenever  they  are  re- 
ij  quired,  they  may  be  immediately  had  from  their 
li  Logarithms.  For  Example,  fuppofe  I  would  know 
j|  the  natural  Sine  and  Fangent  for  38°  47^,  the  Loga» 
s  rithm,  Sine  and  Tangent  of  this  Arch,  are9. 796836, 

and 
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andp. 905009.  To thefe Logarithms  (negle(5i;ing their » 
Indices)  find  the  natural  Numbers,  by  the  firft  Part 
of  the  Canon,  they  will  be  626377  803542,  the  : 

natural  Sine  and  Tangent  fought.  (Seethe  Method 
below.  Art.  15.  for  finding  the  Number  of  a  given 
Logarithm.) 

11.  The  Logarithm  of  the  decant  of  any  Arch,  as  ^ 
of  38^  47^,  is  thus  eafily  obtained  : 

From  the  double  Radius . 20.000000 

Subftradl:  the  Co^Sine  of  38°  47^  .  .  9.891827 

There  remains  the  Log.  Secant  of  3  8^  47^=  10.108173 

And  thus  the  Logarithm  of  any  other  Secant  may 
be  found,  and  confequently  the  natural  Secant^  or 
natural  Number  belonging  thereto. 

12.  The  Reafon  why  the  Indices^  on  the  top  of 

the  Pages,  of  the  Logarithms  of  Sines  and  Tangents, 
are  fo  large,  viz.  7,  8,  9,  10,  ii,  is  becaufe 
the  Radius  of  the  Circle  was  fuppofed  to  confifi:  of 
1 0000000000  equal  Parts,  whofe  Logarithm  there¬ 
fore  is  10.000000  5  wherefore  a  Number  of  fuch  e- 
quad  expreffing  the  Sine  of  one  Minute  L,  will 

confifi:  of  7  Places,  whofe  Logarithm  then  will  have 
its  Index  6.  The  other  Sines  will  confifi  of  8,  9,  and 
10  Places,  and  fo  the  Indices  of  their  Logarithms 
will  be  7,  8,  9,  as  in  the  Tables  *,  thus  alfo  the 
Numbers  exprefiing  the  Tangents  in  fuch  equal  Farts 
will  confifi  of  7,  8,  9,  10,  I  r,  12,  13,  and  14 
Places  of  Figures,  whence  the  Indices  of  their  Loga¬ 
rithms  muft  be  6,  7,  8,  9,  10,  II,  12,  13,  accord¬ 
ing  to  Art.  Jith  and  12th  of  Chap.  I.  But  fince, 
as  before  faid,  the  firft  fix  Places  of  the  Logarithms 
to  the  left  are  fufficient,  the  reft  are  rejedted  as  fu- 
perfiuous. 

13.  In  future  Operations  there  will  be  frequent 
Occafion  for  what  is  called  ,Aaithinetical  Ccmfle^ 
rnent  of  a  Logarithm,  wdich  is  nothing  but  the 

ftrence 
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fereHce  between  that  Logarithm  and  Logarithm-Ra- 
1  dius  lo.oooooo. 

Thus  if  from . . . lo.ooooob 

It'ou  fubdu6l  the  Logarithm .  4.877026 

There  will  remain  the  Arithmet.  Cofnp,  =  5.122974 

.1  And  this  is  done  mentally  in  an  Indant,  by  taking 
i  every  Figure  from  9,  except  the  firft,  which  you  take 
from  10.  - 

I 

i  Note,  If  the  Logarithm  be  of  any  Sine  or  Tan- 
I  gent,  add  10  to  the  Index  of -the  Arithmetical  Com-* 

of  the  Co- 

»  8.821542 

The  Arithmetical  Comp,  thereof  is  ...  1.178658 

to  which  add . .  .  J  .  .  d  .  .  .  16, 

The  Sum  is  the  Log.  Secant  of  86°  12'  =:  1 1.178658 

!  Which  is  evidently  the  /dme  Operation  as  that  in 
Art  1 1.  hereof. 

14.  From  the  theory  of  Logarithms  we  learn,  that 
the  Differences  of  great  Numbers  are  proportional  to 
the  Differences  of  their  Logarithms.  (See  Chap.  V. 
Art.  6,  7.)  Therefore  tho’ the  Canon  of  Logarithms 
goes  ho  farther  than  the  Number  10000,  it  may  by 
this  means  be  extended  to  the  Number  loooodoo, 
^  or  the  Logarithm  of  any  Number  under  10000000 
I  may  be  found  by  the  prefent  Canon,  according  to 
I  the  following  Rule. 

Firfl:;  find  the  Logarithm'  of  the  four  firft  Figures 
of  the  given  N  umber,  by  the  firft  Part  of  the  Canon. 

Secondly  ;  fubftradl  this  Logarithm  from  the  Lo¬ 
garithm  next  greater  or  next  following  in  the  Table  ; 
and  referve  the  Difference. 

Thirdly  ;  multiply  the  Difference,,  by  the  remain- 
ing  Figures  of  the  given  Number  ;  and  from  the  Pro¬ 
duct  cut  off  to  the  Right  hand,  fo  many  Figures  as 
there  remaining  in  the  given  Number. 

N  Fourthly ; 

1 


[;  plement,  and  it  will  be  the  Logarithm 
a  Secant  of  the  fame  Archo  „  For  Exampl 

Suppofe  the  Logo  Sine  of  2°  48^  r-  ,  . 
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Fourthly  ;  add  the  Remainder  of  the  Produdi  to 
the  Logarithm  firfl:  found,  the  Su?n  fhal)  be  the  Lo¬ 
garithm  fought. 

For  Example,  let  the  Logarithm  of  the  Number 
127053  be  fought. 

The  Logarithm  of  the  }  o 

firft  4  Figures  j  ••  127000  =  5.103804 

The  next  greater  Log.  is  of .  .  1 27100  =  5.104146 

Tht  Differences .  100  342 

Wherefore  fay,  as  100:  342  ::  53  :  181,26 

_ ^ 

1026 

1710 

18 1I26 

Add  thefirft  Logarithm 5. 1 03804 

The  Sum  is . 5-ic>39^5  =  ^he  Loga¬ 

rithm  fought  for  the  Number  127053. 


Example  2.  Required  the  Logarithm  of  the  Num- 
ba-  3567894? 

The  Log.  next  following  is  of  3^68000  6.552425' 

The  Diff.  of  Numb,  and  Log.  1000  122. 


Then  fay,  as  1000  :  122  ::  894: 109,068 
Add  the  firft  Logarithm  .  .  6.552303  ' 

theSum  isthe  Log.  3567894=6.552412,  as  was  re¬ 
quired.  And  thus  you  proceed  for  the  Logarithm  of 
any  other  greater  Number  than  thofe  in  the  Canon. 

15.  By  a  Method  reverfe  to  the  foregoing,  youi. 
find  the  Number  cont(pondi\ng  to  given  Logarithm 
thus,  fuppofe  the  given  Logarithm  be  3.567026,,. 
and  you  would  know  the  Number  thereof.  Seek:, 
this  Logarithm  in  the  Table,  and  becaufe  you  there: 
find  it  exaolly^  the  Number  3690  correfponding! 
thereto,  is  the  Number  fought.  But  if  the  giveni 

Logarithm: 
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il^ogarithm  be  no(  emEily  contain'* d  in  the  Table,  and 
more  than  4 Figures  be  required,  proceed  as  follows. 

Firfl: ;  feek  in  the  Table  a  Logarithm  the  next  lefs 
to  the  given  one,  for  the  four  firfL  Figures  of  the 
Number  fought. 

I  Secondly*,  fubftracfl  this  Logarithm  from  the 
I  cne^  and  annex  to  the  Remainder, many  Cyphers  as 
I  you  feek  Figures  more  than  four. 

Thirdly  ;  take  the  Difference  between  the  Loga- 
I  rithm  juft  .found  and  the  next  greater ^  by  which  di¬ 
vide  the  iaid  augmented  Remainder^  the  ^otient  an¬ 
nexed  to  the  four  firft  Figures  fhail  compleat  the 
!)  Number  fought, 

I  . 

I  Example  i.  Let  there  be  fought  the  Number  to  the 
^  Logarithm  5.103985,  to  fix  Places  of  Figures. 

The  Log.  next  lefs  is  of .  .  .  127000  =  5.103804 
The  given  Logarithm  ....  5.103985 

The  Difference  or  Remainder  18 1 

I  The  next  greater  Logarithm  12710011=  5.104146 
Diff.  between  Cm greatefi  and  leaf  Log.  342 

!  Since  the  Places^ in  the.  Number  fought  are  6,  aug- 
I  ment  the  firft  Remainder  1 8 1  v/ith  Hoo,  Cyphers^  and 
j  it  will  be  18100;  then  342)18 ioo(=::53,  which  an- 
;  nex^d  to  the  four  Figures  1270  before  found,  make 
the  Number  127053  required. 

Thus  alfo  to  the  given  Logarithm  6.552412,  you  may 
find  its  proper  Number  3567894,  and  fo  for  others. 

16.  In  the  fame  manner  you  proceed  to  find  any 
Decimal  Number  to  a  Logarithm  given,  only  in  this 
Cafe  the  Indices  of  the  Logarithms  are  negiecfted  till 
the  Operation  is  finifhed,  and  then  fo  many  Figures 
are  to  be  cut  off  from  the  Number  found  for  Deci¬ 
mals,  as  the  Index  of  the  given  Logarithm  lhall  indi¬ 
cate  *,  what  is  here  faid  relates  to  plain  or  termi” 
nate  Decimals  only  ;  but  there  are  other  forts  of  De¬ 
cimals  which  circulate  or  perpetually  repeat  one  or 

N  2  more 
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more  Figures  ad  infinitum  :  And  thofe  Figures  which 
thus  circulate  are  Repet  ends  ^  as  in  thefe  Numbers, 
'Viz.  235,2222,  ^^c.  27,83333,  ^^c.  2.383838,  i^c\ 
702,6026026,  &c.  0,2672326723,  £5? Now  thefe 
Repetends  need  be  wrote  but  once  if  we  flur  the  firft 
and  laft  Figures  in  each,"  to  denote  them  fuch,  as 
thus  235, ;2;  ;  27, 83^  *,  2,3'8‘  ;  7O;2^,60  ;  &c. 


See  more  in  my  Univerfal  Syftem^  or  Body  of  Decimal 
Arithmetic^  printed  for  Mr.  Noon. 

17.  The  Logarithms  for  the  Re-  r  r— 0.045757 


peating  9  Digits  are  made  by  adding 
the  Arithmetical  Complement  of  the 
Logarithm  or  9,  to  the  Logarithms 


;2;— 0.346787 
51Z1O.522879 
4'=o.6478i7 


of  the  faid  Digits,  and  are  fuch  as<  ^—0.744727 


4^—0.823909^ 
7— 0.890855 
•8',“0.948847 


here  annexed.  The  Logarithms  of 
pure  compound  Repetends  are  made  by 
adding  the  Arithmetical  Complement 
of fo  many  9^3,  as  there  are  Figures  in  l  i.ooooooo 

the  Repetends  to  the  Logarithms  of  thofe  Numbers 
confidered  as  terminate.  Thus  the  Logarithm  of  the:. 
Repetend  56, y  is  found  as  follows 


To  the  Logarithm  of . 36.5^:11.562293? 

Add  the  Arilh.  Complement  of  .  .  999—0.000434, 

The  Sum  is  the  Log.  of  the  Repetend  56,^=1.562727' 

and  thus  proceed  for  others. 

18.  If  the  Repetend  have  any  prefix’d  terminate: 
Fart  j  then  from  fuch  z.  mixed  Repetend  fubftradl  its; 
terminate  Rart^  and  to  the  Logarithm  of  the  Re- 
mamder  add  the  Arithmetical  Complement  of  thq: 
Logarithm  of  as  many  9’s  as  there  are  Figures  in  the 
Repetend,  For  Example,  fuppofe  you  would  find! 
the  Logarithm  of  the  mix^d  Repetend  2  6-8'925  7',  pro¬ 
ceed  thus:  .  > 


From 

4  k  *  ^ 
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From  the  Repet  end . 26%  ^2 

Subftradl  the  terminate  Part  26 

To  the  Log  of  the  Rem.  ..  26890,1=4.429592 
add  the  Arithm.  Complem.  of  9999=0.000043 
The  Sum  is  the  Logarithm  of  2  6^9  2 ,7=^42 9635 

Pdote^  the  Indices  of  the  Arithmetical  Complements 
are  here  (as  in  thefe  Cafes  they  always  muft  be)  o- 
^nitted. 


CHAP.  XIII. 

Of  the  Onfm  and  Conflmaion  c/’Sh  akerly’^ 
^WStreet’.9Logistical  Logarithms. 


I'.  H  E  Ufe  of  Logiftical  Logarithms  is  in  AJiro^ 
8  nomical  Calculations^  or  Sexagefimal  Arith¬ 
metic  ;  but  this  fort  of  Arithmetic,  which  taught  the 
Rules  of  Addition^  Suhjtrallion,  Multiplication^  Di- 
%)ifion^  &c.  of  Sexagefmal  FraHions^  viz.  Degree Sy 
Minutes^  and  Seconds  of  Motion  or  Time^  was,  infor¬ 
mer  times^  called  Logiftical  Arithmetic.  And  fince 
the  Invention  of  the  common  Canon  of  Logarithms^ 
Mr.  feremiah  Shakerly^  in  his  LahuU  Britannic^y 
firft  contrived  from  them  a  fort  of  Logarithms  ad¬ 
apted  to'  the  Rules  of  Logiftical  Arithmetic  ;  and 
therefore  gave  them  the  Name  of  Logiftical  Loga¬ 
rithms.  And  fince  him  Mr.  Lhomas  Street.^  in  his 
Aftronomia  Carolina^  has  invented  another  and  more 
convenient  Form  of  Logiftical  Logarithms.,  than  Sha- 
kerlfs.  And  fince  Tables  of  both  thefe  iforts  of  Lo¬ 
giftical  Logarithms  are  extant,  ’tis  proper  to  acquaint 
the  Reader  with  the  Conftruhlion  of  both^  which  is  as 
follows,  ’  '  ' 


2, 


94  Q/'  Shakerly’j  and  Street’^  ^ 

2.  Since  Logiftical  Logarithms  are  altogether  con¬ 
cerned  in  working  Proportions  of  Degrees^  Minutes^ 
and  Seconds^  and  more  efpecially  of  Minutes  and  6'^- 
condsy  together  with  Integers^  ’tis  evident,  if  thofe 
Sexagefimal  Fraflions  were  reduced  into  the  lowefi 
Denomination y  viz.  of  Seconds^  &c.  they  might  then 
be  work’d  with  the  Logarithms  of  common  Numbers. 
Thus  fuppofe  the 'Proportion  be  M  od'  :  3^47^'^  :: 
51°  29^^  :  3'  ’y  if  thefe/r^^^/^^/i?^/ Numbers  be  re¬ 
duced  to  Seconds y  they  will  ftand  thus,  3600^''  :  227''' 
i:  3089^^  :  195^^  ;  wherefore  ’tis  plain,  the  Propor¬ 
tion  in  this  Cafe  may  be  wrought  by  the  common  Ca¬ 
non  of  Logarithms y  as  will  be  hereafter  fhewn.  But 
then  as  here  is  no  RadiuSy  there  will  arife  double 
trouble  in  the  Work  by  Logarithms  in  common  Ufe, 
in  firfl:  adding  the  Logarithms  of  the  two  middle 
L’ermSy  and  then  fuhftradling  the  Logarithm  of  the 
firft  from  that  Suniy  in  order  to  have  the  Logarithm 
of  the  fourth  L^erm  fought  or  elfe  the  Complement 
Arithmetical  of  the  Logarithm  of  the  firft  L’erm  muff 
be  taken  to  perform  all  by  Addition  only.  To  avoid 
therefore  the  Trouble  attending  perpetually  either  of 
thefe  Methods, 

3. '  Mr.  Shakerly  makes  this  Proportion,  as  3600^'' 
22f'  ::  100000,  ^c.  :  0.06305,  iftc.  or  with  the 
Logarithms,  thus  ; 

As  the  Logarithm  of  3600^''  =  3.556302 

to  the  Logarithm  of  22ft  3= '2.356025 
fo  the Logarithmof  Radius  1. 00000, &c.=:i 0.000000 
to  the  Logarithm  of  0.06305, &c.=  .8.799723 

Now  ’tis  plain,  the  two  loft  Logarithms  perform  the 
fame  as  the  two  firft y  their  Properties  being  the  fame  ; 
but  the  firft  of  the  two  latter  Logarithms  is  Radius 
10.000000,  which  therefore  he  called  the  Logiftical 
Logarithm  of  3600''''  or  one  Degree,  and  confequently 
the  Logarithm  .8.799723  is  the  Logiftical  Logarithm 
of  22f—f  And  thus  the  Logiftical  Logarithm 
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of  any  other  'Degrees^  Minutes  and  Seconds  may  be 
found  ;  viz.  by  reducing  them  to  Seconds^  and  thea 
by  taking  from  the  Logarithm  of  thofe  Seconds  the 
I  conflant  Logarithm  3.556302  of  one  Degree  in 
I  conds. 


4.  Thus  from  the  Log.  of .  .  .  1^=60''''=  1.778 151 
1  Take  the  Log.  of  one  Degree  11=3600^''— 3.556302 

!  therercmains  theLogift.  Log.  of  i^=;6o^''=z:.8.2  2i849 


j  Again,  from  thej 
Leg.  of  j  * 

1  take  the  conftant  Log, 


1°  3'  oo"=378o"=  3.577492 

3*556302 


I  there  remains  the  \  q  / 
Logift,  Log.  of  3  ^ 


00^— 3780^— 10.021 190 


i  By  thefe  Examples  you  eafily  perceive  how  the  Lo- 
I  gijiical  Logarithm  may  be  found  for  any  Number  of 
Degree s.^  Minutes  and  Seconds.,  in  Shakerly^s  Form, 
'i  Andfince  there  are  60'  or  ^600"  mone  Hour,,  as  well 
,1  as  in  one  Degree.^  therefore  a  Table  of  thefe  Logift ical 
I  Logaiithms  ferves  equally  as  well  in  the  Computation 
;;  of  ^ime  as  Motion. 

5.  But  if  the  Time  of  a  whole 
.!  Day  or  24  Hours  be  the  Inte- 
I  ger.,  fince  there  are  but  1440^ 
i|  therein  ;  and  3600'L  1440'  :: 

:  \  1'  %  alfo  fince  60'  :  24H^ 

:  i'.i'k  :  ,  therefore  if,  thro’ 

i  the  courle  of  thele  Tables  of 
1  Logiftical  Logarithms^  againft 
I  every  2^4  you  place  the  Hours., 
i|  and  again  It  every  2T  (or  rather 
every  3d  and  5th  Second)  you 
place  the  Minutes  of  an  Hour  , 
the  Table  of  Logiftical  Loga¬ 
rithms  for  Motion  and  Lime  will 
be  compleated  *,  a  Specimen  of 
i  which,  in  this  Form  of  Mr.  Sha-- 


0 

Motion 

Time. 

y 

45 

// 

2700 

xvin. 

0 

987506 

0 

I 

987522 

2 

987538 

3 

987554 

I 

4 

987570 

5 

987586 

2 

6 

987602 

7 

987618 

8 

987634 

3 

9 

987651 

10 

987667 

kerlefs,^ 


9  6  Of  Shakerly^j  a?2d  Street'^ 

kerley^s^  I  have  before  annexed.  The  firft  Column 
contains  the  Degrees,  Minutes  of  Seconds  ;  the  fe- 
cond  Column  the  Logiftical  Logarithms  thereof ;  and 
the  third  Column  contains  the  Minutes  of  Tinle,  th^ 
Hour  being  exprefs’d  at  the  top,  viz.  XVIII.  an- 
fwering  to  the  Motion  of  45^,  or  iyod'i  . 

6.  But  becaufe  thefe  Logiftical  Logarithms  of  Mr. 
Shakerley^  confift  of  772any  Figures  throughout  the 
Table,  it  minifter’d  occafion  to  Mr.  Lho77ias  Street  to 
contrive  a  more  compendious  and  convenient  Forhi 
of  thefe  Logarithms  ;  and  fuch  he  invented,  which 
tho*  large  at  the  beginning  of  the  Table,  yet  imme¬ 
diately  leflen  very  faft,  and  -fo  continue  to  the  End 
of  the  Table,  or  6d  or  fiod'  ’^-Yihofe  Logiftical  Lo¬ 
garithm  is  ~o. 

7.  The  Reafon  of  which  is  rhanifefS:  from  the 

Manner  of  their  Conhrudlion,  which  is  as  follows,’. 
Suppofe  any  Proportion  of  Semgeftmal  Numbers.,  as 
thati  before  made  ufe  of.  Art.  2.  viz.  66'  :  ft  A- f  :: 
51'  2  ft'  :  ft  ift'^  which  reduced  to  Seconds,  hands 
thus,  foo"  :  22ft'  v.  3089^^  195^^.  Now  in  order 
to  obtain  a  vacant  Term  in  this  Analogy,  Mr.  Street 
(inftead  Analogy  3600^'':  227''^::  100000: 

fftcf)  inverts  the  Jirft  Ratio,  as  thus*,  22ft'  :  foo" 
::  Unity  ;  to  a  fourth  Number  whofe  Logarithm  is 
reputed  the  Logiftical  Logarithm  of  the  hrft  Term 
22ft',  as  the  Logarithm  of  Unity  is  of  the  fecond 
3600^^  See  the  Work. 

The  Logarithm  of  ...  .  ft  A-ft’^'^2ft':=z2  .^^6026 

The  Logarithm  of  .  .  dz=z6o'-=:foo"z=i'^.^f'^02 

The  Logarithm  of  Unity . 0.000000 

d'he  Logih.  Log.  of .  .  .  ft  47 27^''— 1200276 

8.  Whence  it  evidently  appears,  that  to  find  thi 
Logiftical  Logarithn  of  any  Number  of  Seconds,  yoii 
need  only  fubftradt  the  common  Logarithm  of  the 
Number  of  Seconds  from  the  conftant  conimon  Lo¬ 
garithm  of  3600'^,  for  the  Remainder  of  Difference 

willl’ 
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jlHvill  be  the  Logifiical  Logarithm  required,  in  Street^s 
Form. 

Thus  from  the  Logarithm  of .  .  3600^^=3.556302 
3  Subftrad  the  Log.  of  51^  29^=3089  =3.489818 
ri  There  remains  the  Logift.  Log.  of  5 29^^ z=.  .'66484 


^02 


Again  from  the  faid  Log.  of  .  .  36oo''^=3.556 
Subdu6tthe  Logarithm  of  3^  15^^=195=2.290035 

tl There  remains  the  Logift.  Log.  of  3'  15^^=  1266267 

*j  9.  From  whence  *tis  evident,  that  the  greater  the 
jj  Number  of  Seconds  is,  the  lefs  will  be  the  Logif- 
Stical  Logarithm  thereof  5  till  you  come  to  theNum- 
iber  3600^^,  whofe  Logiftical  Logarithm  is  nothing  at 
all,  as  before  faid.  And  thus  it  appears  that  the  Lo^ 
garithms  of  this  kind  of  Mr.  Street^s  Form,  have  in 
jj  them  fewer  Places  of  Figures,  and  are  therefore  more 
j  convenient  forUfe,  by  much,  than  thofe  ofShakerly^s 
I  Form,  before  defcrib’d.  And  for  that  Reafon  I  have 
J  chofe  to  give  the  Reader  a  Table  of  Street^s  Loga- 
;  rithms  rather  than  the  other*,  and  tho’  M.r.  Leadbetter 
jhas  given  us  Tables  of  both  forts,  yet  I  think  it  in^ 

;  tirely  needlefs  ^  ftnce  all  the  principal  Ufes  of  Sha- 
I  kerly\  are  much  better  perform’d  in  Street*s  Logif- 
1  tical  Logarithms. 

1  10.  Inlhewing  the  Manner  of  making  thefe  Lo¬ 

garithms  from  the  common  ones,  I  have  exprefted 
tkematlarge,  viz^  1200276,  66484,  1266267,  the 
Logiftical  Logarithms  of  3^47^  51'  29'',  and  3'  15''', 
as  per  Art.  7,  8.  Yet  here  two  things  are  to  be  ob- 
ferv’d  :  Firft,  that  the  Index  is  not  diftinguiftied 
from  Logarithm  itfelf,  with  a  Pointy  as  in  the  com¬ 
mon  fort  \  but  the  remaining  Figures,  both  of  Lo¬ 
garithms  and  Indices^  be  they  more  or  lefs,  are  re¬ 
puted  together,  the  Logiftical  Logarithm.  Secondly, 
that  two  Places  of  Figures  to  the  Right  Hand  in  the 
Examples,  are  ftruck  off  in  the  Table  *,  the  other  be¬ 
ing  fully  fufEcient  for  all  the  Purppfes  thereof.  So 

O  that 
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that  in  the  Table  you  will  find  the  Logiftical Lo- 

garithms  ^xotQ  12003,  665,  12663,  &c. 

11.  Mr.  Leadbetter  has  taken  the  pains  to  continue 
the  Table  of  Logijiical  Logarithms  in  Street^sVoxm^ 
to  i2o\  or  2  Degrees  *,  but  as  there  is  little  occafion 
for  any  more  than  the  Logiftical  Logarithms  of  60' 
or  I  Degree  *,  and  when  there  is,  the  fame  Logarithms  i 
are  capable  of  anfwering  it,  1  have  therefore  con¬ 
tinued  them  no  farther  than  the  Inventor  did,  viz, 
to  60'  or  3600^^ 

12.  As  to  the  Form  of  the  Table,  *tis  very  eafy 
to  be  underftood,  efpecially  if  thofe  of  the  common  i 
Logarithms  of  Sines  and  Tangents  before  defcribed  1 
are :  The  firft  Column  of  the  Tables  contains  the  De- 
grees  or  Minutes^  *  or  Minutes  and  Seconds  in  Se:)ia- 
gejimals,  as  in  the  common  Tables^  in  the  Order  of: 
Denar ies  or  lo’s,  the  nine  Digits  running  along  on  .1 
the  top  of  the  Table,  under  which,  in  the  feveral  i. 
Columns,  are  the  Logijiical  Logarithms  abbreviated! 
in  the  fame  manner  as  thofe  of  Sines  and  Tangents  *,  ,1 
and  are  to  be  taken  out  according  to  the  Diredlionsi; 
there  given,  which  fee.  In  the  lafl:  Column  are  con-  - » 
tained  the  Numbers  of  the  firft  reduced  to  Minutes  i*  ! 
or  Seconds  ;  and  are  to  be  compleated  likewife  withr' 
the  Digits  on  the  top  of  the  Table.  Thefe  are  re-  - 
ferred  to  when  the  Logijiical  Logarithm  of  any  inte-' 
gral  Number  is  fought.  An  Example  or  two  will  I 
render  all  eafy. 

13.  Let  it  be  required  to  find  tht  Logijiical  Loga-'^ 
rithm  of  2*^  48'  or  2'  48^  Firft  feek  2  40  in  the:- 
firft  Column,  and  againft  it  and  under  8  at  top,  youi. 
find  310,  which  annexed  to  its  proper  permanent  Parti' 
13  in  the  firft  Column  of  Logarithms  makes  13310,,. 
the  Logiftical  Logarithm  of  2  48,  as  required.  Thusi* 
the  Logiftical  Logarithm  of  37'  is  found  to  bes 
1986  ;  and  of  54^  40''^  to  be  404  j  and  of  58'  37^^^  tot 
be  loi  i  and  of  59'  53^^  to  be  8.  And  thus  theL«?-- 


I 
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'giftical  Logarithm  of  60',  is  zz:0  ;  and  fo  will  be  a  va¬ 
cant  Term  in  all  Analogies  for  Operation. 

14.  Let  it  be  required  to  find  the  Logiftical  Lo¬ 
garithm  of  the  Number  584.  Firfi:  feek  580  in  the 
Jafl:  or  right-hand  Column,  and  againft  it  and  under 
4  at  top  you  fee  ^99,  which  fhews  it  muft  be  join’d  to 
the  following  permanent  Part  78  in  the  firfi:  Column 
of  Logarithms,  and  therewith  makes  7899,  the  Lo¬ 
garithm  fought.  Thus  the  Logifiical  Logarithm  of 
1000,  is  found  5563;  and  of  3359,  to  be  301  \  and 
of  3596,  to  be  5  •,  and  that  of  3600  is  nothing. 

15.  This  Table  alfo  equally  ferves  for  Time,  whe¬ 

ther  for  aD^jand  Minutes^  or  Minutes  Seconds  \ 
by  help  of  the  little  Table  at  the  End  of  the  Lo-^ 
gift i cal  Logarithms^  which  fhews  what  Parts  of  Mo¬ 
tion  in  Degrees  and  Minutes  correfpond  to  Time  in 
Hours  2in(\  Minutes,  Thus  againfi:  13^  in  Time,  you 
fee  33^  of  Motion  ;  againfi:  i  Hour  is  2^  30^;  and  the 
Motion  anfwering  to  VIP' 43^,  is  17°  30^,  -f-  48' 

=  19^  18';  and  that  anfwering  XXP  2 iMs 52°  30', 
“f*  53'  —  53^  '^3'  j  other  Parts  of  Time  j 

confequently 


tP.  Time. 


rt  Q 

^  s 

Q  •  - 

CC 

i)-  bf) 
O 

t-i  >— I 


'  0 

13'  ■' 

1 

'20378' 

(u  u  n 

I 

00 

13802 

h/1  J-«  ^ 

7 

43 

!>is< 

4926  >-g'^  g  > 

21 

2 1 

.  507 

<L)  "Xj 

P4 

00 

L  0^ 

j 

oO  33/' 


3Q 

i8 

23 

00 


53 

60 


The  Reafon  of  all  which  is  evident,  from  Art.  5, 
hereof. 

16.  Thefe  Logiftical  Logarithms  may  in  like  man¬ 
ner  be  render’d  applicable  to  Conaputations  of  Money ^ 
IVeights,,  Meafures,^  &c.  Thus  fince  60^  :  20^ ::  3  :  i, 
therefore  the  Shillings  in  a  Pound  correfpond  to  each 
3d  Degree  or  Minute  of  Motion.  And  again,  fince 


960"^'®  :  3600^ 


3  ^ » 


therefore  to  i,  2,  3,  4, 


Farthings  there  anfwers  3^  7^ 

O  2 


iP, 


1 Cfr.  Minutes 

of 
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of  Motion  \  whence  a  Table  may  be  form’d  to  fhew 
the  Logifticai  Logarithm  for  any  Number  of  Far¬ 
things  under  960,  or  one  Pound.  And  thus  you 
may  proceed  to  frame  a  Table  to  render  thefe  Logf 
tied  Logarithm  for  Motion  ufeful  for  the  Ounces  and 
Founds  In  an  hundred  Weight  5,  and  that  with  great 
Eafe^  fince  1792,  the  Number  of  Ounces,  in  2,11  hun-_ 
dred  Weight  Averdupoife,  is  nearly  half  the  Number 
3600^^^,  the>  Seconds  of  the  Table.  Confequently, 
the  Logiftical  Logarithm,  pf  the  Double  of  any  Num¬ 
ber  of  Ounces,  is  that  required  for  the  Founds  and 
Ounces  equal  thereto. 

17.  Or,  kftly,  ’tis  eafy  for  any  onp  who  fhall  ^ 
think  it  worth  while,  to  calculate  Tables  of  Logif 
iical  Logarithms y  for  any  Species  of  Computation, 
peculiar  to  it  felf.  Thus  with  refped  to  Money,  i| 
the  common  Logarithms  of  all  the  Farthings  under 
960,  be  fubdudted  from  the  conftant  Logarithm  of 
960,  the  Remainders  will  be.  the  LogiHical  Loga¬ 
rithms  of  the  Farthings  in  a  Pound.  The  common 
Logarithms  of  all  the  Numbers  of  Ounces  under  1792 
fubfl:ra6ted  from  the  conftant  liOgarithm  of  the  faid 
Number  1792,  will  leave  the  Logijji cal  Logarithms, 
of  all  the  Ounces  in  an  hundred  Weight.  And  thus 
^ou  proceed  to  make  Logijlical  Logarithms  of  any 
Kind  you  pleafe,  or  may  have  occafion  for.  Which 
is  too  eafy  a  matter  to  require  an  Example,  befides 
thofe  aboye.  Art.  7,  and  8.  ■  ‘  " 
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PART  11. 


1 2l5^PiiAxis  ./Logari  THMs,  Common 


Application  to  Vulgar  and  D,mr^. 
decimal  Arithmetic y  Plain  and  Spherical  Pru 
gonometrjy  NavigatioUy  Menfuration  of  Super-^ 
ficies  and  Solids,  Gauging,  'Timber-’Meafure, 
j  'AJironomy,  perform'd  Numerically  and  Infru- 
mentally. 


CHAP.  1. 

;t 

"I  ^f  the  Rules  ^Apdition,  Scjbstraction, 
Multiplication,  W  Division  of  the 
I  Indkes  (^‘Logarithms. 


I  I*  ^  S  the  Theory  of  Logarithms  has  been  largely 
LjL  premifed,  the  Rules  for  a  Pratiical  Ufe2ind 
1  X  JL  Management  of  thofe  artificial  Numbers 
\  will  from  thence  be  eafily  underftood,  and  the  Ra^ 
!  tionale  of  every  Operation  be  apparent  to  the  intelik 
I  gent  Reader.  Before  wx  proceed  to  the  Ufe  of  I.o- 
i  ^anthms  as  applied  to  common  Arithmetic,  See.  we 

mufl 

I 

! 

j 
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muft  firft  confider  feme  previous  Rules  and  Methods' 
which  regard  the  due  ordering  and  working  thofe 
Numbers  themfelves,  on  account  of  the  Indices ^ 
which  admit  of  divers  particular  Cafes  in  the  Rules  of 
Addition^  SuhJlra5iion^  Multiplication^  and  Divijion: 
which  therefore  muft  be  exemplified  and  illujiratedds 
in  the  Sequel  of  this  Chapter. 

Addition  ^?/  Logarithms. 

2.  As  in  all  Species  of  Arithmetic  the  funda¬ 
mental  Rule  is  Addition^  fo  in  this  of  Logarithms, 
the  Rules  which  require  this  primary  Operation  come 
lirft  to  be  conftder’d,  and  they  are  as  follow. 

{Note^  I  ftiall  in  this  Place  call  tht  Indices  ofLoga- 
'  xithmsoi whole  Numbers^  Integral  Indices  \  and 
thole  of  the  Logarithms  of  Decimal  or  Fradiio- 
nal  Numbers,  Decimal  Indices.) 

Rulel.  If  the  Indices  be  both  Integraf  add  them 
together  for  the  Sum  required. 

Rulell.  If  the  Indices  are  hothDecimal.,  add  them 
as  before  ;  and  obferve,  (i.)  if  the  Sum  be  above  or 
juft  io,  or  I  op  (=:tA  ;  fee  Chap.  lY.  Theory)  call 
away  lo  or  loo.  (2.)  If  the  Sum  be  under  10  or 
100  (=tA)  add  10  or  100  thereto  ;  and  both  the 
Sum  in  the  latter  Cafe  and  the  Remainder  in  tht  for- 
filer.,  will  be  Decimal. 

Rule  III.  If  the  Indices  ht  of  different  YiimdSy  viz. 
Integral  with  Decimal  the  Sum.,  if  under  10  or  100, 
is  Decimal ;  if  juft  10  or  100,  or  above.,  caft  away 
JO  or  100,  the  Remainder  is  Integral. 

Rule  IV.  In  cafe  the  Sum  of  two  or  more  decirnaV 
Indices  be  lefs  than  io=:tA,  the  beft  way  will  be  to  ■ 
ufe  the  larger  decimal  Indices,  where  tA  =  ioo  •,  and,, 
then  their  Sum  will  be  greater  than  100,  and  fo  the  a 
Reafon  of  the  Operation  will  be  more  evident. 

3.  All  thefe  Rules  relate  to  the  Indices  of  the  Lo¬ 
garithms  only,  and  are  exemplified  as  follow : 


Ex. 


ij  Chap.  I.  ■  Indices  of  hoGARiTnms, 

i|  Examp.  I.  To .  3.513217  Eiam.  IL 
add  2.303196 
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2.317227 

0.850891 


Rule  I.  Sum  =  5.816413 


Sum  =  3.168118 


Exam.  III.  To  .9.849235  Exam.  IV.  .97.237406 
add  .7.786822  .95.072607 

Rule  II 
Part 


l.*}sum=  .7.636057  Sum  =  .92.310013 


!  Exam.  V.  To  .4.273760  Exam.  VI.  .62.346174 
add  .3.067247  .21.300725 


Rule  II 
Part  2 


s.  =  .17. 


341007  Sum  z=. 183. 646899 


Exam.VIL  To.  6.372458  Exam.  VIII.  .88.426703 
add  2.673842  5.268402 


Rule  III.  Sum=.9.046300 


Sum  =:  .93.695105 


Exam.  IX.  To  5.206737  Exam.  X.  8.426735 
add  .8.312046  .92.105374 


Rule  III.  Sum=3.5i8783 


Sum  z=  0.532109 


Exam 
add 


.4.203106" 

,dd'( 

3  .2. 


.070346 


Rule  II. 
Pa 


ell.  7 - ; - 

rt  2.  5  S.  =  .27.58618  I 


r  Or  rather  thus^  per  Rule  IV. 

Ex.  XII.  .94.203106 
.91.3127^9 
.92.070346 


.77.586181 


’Tis  poflible  thefe  two  laft  Examples  may  feem  fome- 
what  ohfcure  \  but  the  Reafon  and  ^ruth  of  each  will 
appear,  if  they  are  wrought  at  twice^  as  follows  : 

2  lo 
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To  .4.203106  And  .94.203106 

add  .1.312729  .91.312729 

Rule  II.  }  - - —  Rule  H.  } - 

Part2.i  S.=:. 15.515835  Part  i.  J  S.  ==  .85.515835 

to  which  add  .2.070346  .92.070346 

Rule  II.  )  '  Rule  II,  7 - - 

Part2.  3  S.  =027.586181  Part  I.  5  S.  =  .77.586181 

I .. I,.  II  I.  ■ I.  -i 

From  whence  appears  the  Reafon  why-,  in  thefe 
Cafes,  the  larger  Indices  are  preferable  to  the fmaller 
mes, 

SUBSTRACTION  <?/  LOGARITHMS. 

4.  In  the  Subjira^ion  of  Indices  the  following 
Rules  are  to  be  obferv’d,  viz. 

Rule  I.  If  they  are  both  Integral,^  and  the  higher 
one  greater^  tht  Remainder  Integral.  But  if 

the  lower  one  be  the  greater.^  then  add  10  to  tht  higher 
one,  and  fubjlrali  *,  the  Remainder  will  be  Decimal. 

Rule  II.  If  both  Indices  are  Decimal  ;  and  the 
higher  be  the  greater  ;  the  Remainder  is  Integral ;  if 
not,  add  10  or  100  to  tht  higher  one,  and  fubdudt 
the  lower.,  the  Remainder  will  be  Decimal, 

Rule  III.  If  the  Indices  are  of  different  viz, 
one  Integral  the  other  Decimal  \  then  if  the  higher  be 
Integral^  add  10  or  iCO  to  it,  and  fubftrad: ;  the 
Remainder  will  be  Integral.  But  if  the  higher  be  De* 
cimal  and  the  greater.^  the  Remainder  will  be  Deci* 
mal ;  if  leffer.^  the  larger  Indices  muft  be  ufed. 

5.  The  Rules  alfo  are  eahly  deriv’d  from  the  fore¬ 
going  I’heoryy  and  are  illuftrated  by  the  following 
Examples. 

Exam.LFrom  5.816413  Ex.  II.  3.168118 

Subftra6l  3.513217  2.317227 

Rem.  =0.850891 

Ex.  • 


Rule  I.  Rem.  =  2.303196 
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,Ex.  HI  From  3.513217  Ex.  IV. 
iub.  5.816413 


0.850891 

3.168118 


IRuleL  Rem.  z::.7. 696804  Rem.  =  •7*682773 


:IEx,  V.  From  .7.503617  Ex.  VL 
fub.  .3  467306 


,94*4^^345 

.92.673457 


ijRulelI.Rem. =4.02631 1  Rem.  =  1.746888 

jEx-VII.  From  .3.467306  Ex.  VIII,  .92.673457 
r  fub.  .7.503617  ■  .94.420345 

1 

:iRuleII.Rem.zi:.5. 963689  Rem.  ==.98.253112 


■lEx.  IX.  From  5.8 1641 3  Ex.  X. 
I  iub.  .8.132700 


6.2067347 

■94*15850^2 


iRulelll.  Re.=: 7*683713  Rem. =  12.0532335 


Ex.  XL  From  .8.132700  Ex.XIL 
I  iub.  5^816413 

iRulein.  ?  _  - - —  Rule  III. 


.94.278769 

6.165348 


IRulelir.  ?  - - —  Rulelll.  ? - - 

.i  Part  2.  5  Re.=  .2.3i6287  Part  2.  j  R.=  .88. 1 1342 


Multiplication  ^/Logarithms. 

6.  In  Chap.  IV.  Art.  19th  and  20th  cf  xh^^heory^ 
the  Rules  for  multiplying  the  Indices  of  Logarithms 
{o{  Pure  FraPlions  efpecially)  are  demonftrated  \  and 
«re. 

Rule  I.  If  the  Index  ho.  Integral^  multiply  as  ufual  \ 
the  Produd  fhall  be  Integral. 

RuleW.  If  the  Index  be  Decimal.,  make  the  Lo¬ 
garithm  of  Unity^  ortA=ioo,  then  ihali  the  Index 

P  be 


io6  Multiplication  of  thi 

be  of  the  larger  Sort ^  which  in  this  Cafe,  will  bembrei? 
convenient  for  Ufe  ;  and  then  according  as  you  mul¬ 
tiply  by  2,  3,4,  5,  6,  you  muil;  rejedl  100,  200,,. 
300,  400,  500,  £5fc.  from  the  Product ^  the  Remain^ 
der  thereof  will  be  Decimal, 

Ex.  I.  Mult.  3.420673  Ex.  II.  5.700672^ 

by  2  4:; 

Rule  I.  Prod.  =i  6,841346  Produefizz  22.802688I! 


ExJII.MuIt.  .96.130126  Ex.  IV.  .91.0341061; 
by  2  31- 

Rulell.  Pr.=  .92.260252  J^rod.z=  .73.102318E 


Ex.  V*  Mult.  .84.034121  Ex.  VI.  .70.0610501: 
by  4  .  5r 

Rulell.  Pr.zz  .36.136484  Prod.  =  .50.3052501: 


In  this  lafl:  Example,  the  Index  .70.  x  5=350  ;  butl 
fince  from  3 50  you  cannot  rejed  400,  as  per  Rule  II ;; 
therefore  it  muft  be  400 — 3 50=. 50.  which  fub- 
duded  from  99,  leaves  49  *,  which  fhews  that  49}: 
Cyphers  above  100,  that  is,  149  Cyphers  are  to  bei: 
prefix’d  ;  and  this  you  are  to  underfland  in  all  Cafesi 
where  xL  is  lefs  than  x — ixtA.  See  Chap.  IV.. 
Art.  20th, of  Dheory,  Or  thus,  in  general  let  tA  =  lor 

or  100  ;  then  when  xl^  is  greater  thanx — i  x  t  A,  then: 
it  will  be  xL — — i  x  tA-r-9  or  99,  is  equal  to  the: 
Number  of  Cyphers  to  be  prefix’d .  But  if  x —  i  x  t  Ail 
h  greater  than  xL,  then  it  will  be  x— i  xtA — xL. 
— 9  or  99,  =  to  the  faid  Number  of  Cyphers. 


D  I-. 


4 
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iChap.  L  hidices  by  Logarithms. 

I  Di  vision  <?/ Logarithms. 

I  7.  This  is  but  the  Reverfe  of  the  foregoing  Ope- 
cflration  ;  and  the  Rule  for  decimal  Indices  the  reverfe 
<’to  that ;  which  is  alfo  derived  from  Chap.  IV.  Art. 

and  2  2d  of  the  I^heory^  which  fee. 

;  i  Rule  I.  If  the  Index  be  Integral^  divide  as  ufual ; 

arid  the  ^otient- Index  will  Integral. 

1!  Rule  II.  If  the  Index  be^  Decimal.,  ufe  the  larger 
ip/jr/  \  and  then  adding  to  the  faid  Index  lOo,  200, 
lIsPQj  divide  by  2,  3,  4,  Cfr.  the  Quotient- 
liwill  be  Decimal. 


|Ex.  I.  Divide  6.841348  Ex.  II. 

22.80268^ 

by  2  ■ 

4 

-Eulel.  Quot.=:3.42o673 

Quotient 

=  5.700672 

Ex.  III.  Div.  .92.260252  Ex.  IV. 

.83.102300 

by  2 

3' 

Rule  II.  Qu.=:.96.i3oi26 

Quot.  : 

=  •94-367433 

Ex. V,  Divide  .36.136484  Ex.  VI. 

.30*305250 

by  •  4 

5 

Rulell.  Qu.f=.84.034i2i 

Qjot.  : 

zz  .86.061050 

P  2 
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CHAP.  11. 

QTA'T  ULTiPLic  AT  ION  and  Division  op 
Whole  Numbers  and  Decimals  by  Lo-^ 

GARITHMS. 

T  T  before  '/hewn  the  Method  of  finding;; 

i  jL  ^be  Logarithms  of  all  kinds  of  Numbers-^ 
both  Integers  and  Decmals,  and  alfo  of  fitting  and ; 
adjufiing  proper  Indices  thereto  ^  and  in  the  forego- 
ing  Chapter,  the  Arithmetical  Alanagement  thereof  ' 
in  all  Varieties :  I  fhall  now  apply  the  Ufe  of  thofe  j 
excellent  Numbers  in  the  Rules  of  Arithmetic  *,  and 
firft  in  the  Multiplication  and  DRAfion  oi  Whole  Nunh 
hers  and  Decimals, 

2.  From  the  foregoing  Theory  (fee  Chap,  I.  Art.  ,i 
lo  ;  and  Chap.  III.  Art.  12. j  we  obtain  this  eafy  ' 
and  obvious  Rule  for  the  Multiplication  of  all  kind : 
of  Numbers  by  Logarithms ,, 

r  To  the  Logarithm  of  the  Multiplicand,^ 
viz,X  Add  the  Logarithm  of  the  Multiplier  ; 

^  The  Sum  is  the  Logarithm  of  the  ProduA, 

Examples  of  Intege  rs. 

Logarithms. 

3.  Examplel.  Multiply.  .  .  .  12  ==:  1.0791S1 

by .  S  =  0.903090 

Produdl  ....  96  —  1.982271 


Ex- 


i  Chap.  IL 

!|  Example  IL 


Logarithm 


s.' 


Logarithms, 

Multiply . 127  =  2.103804  ‘ 

by .  12  =r  1.079181 


Produd: . 1524  =  3.182985 


-t 

j 

j- 

i 


Example  III.  Multiply  .....  526  ==  2.720986 

by  .  100  =:  2.000000 

Produd  ....  52600  ziz:  4.720986 


Example  IV.  Multiply  ....  9876  ==  3.994581 

hy .  517  =  2.713490 

Produd  .  .  5105892  =  6.708071 


i  Example  V.  Multiply  .  .  .  987600  =  5.9945S1 

:  by  ..  =  5.713)^90  4 

I  ,  Produd  510589200000  =11.708071 


4.  Examples  of  Mix'd 

’  Example  VI.  Multiply . 7,5  =  0.875061 

I  by . ,  .  .  .  .  10  ziz  I5O00000 


Produd . 75  =  1.875061 


I  Example  VIL  Multiply  ....  12,4  =r  1.093422 
I  by  ......  .  3,6  0.556302 

j  '**'*'^  ‘  ■ —  -  ,1  ■ 

I  Produd  .  .  ,  44364  =  1.649724 


I 


lid 


Multiplication 


I_,ogsrithms,_ 

Example  VIII.  Multiply  .  .  0,762  =  .9.881955  ' 

by .  570  =  2.755875 

Produft  .  .  434.34  =  2.637830 


Example  IX.  Multiply  ....  36.5  —  ^.562293 
■  by .  0,00019  =  .6.278754 


Produa  0,006935  =  .7.841047 


Example  X.  Multiply .  473  =  •9-674861 

by .  63  =  1.803705 


Produft . 30.1  =  1.478566 


Example  XI.  Multiply  .....  ^  =  0.823909 

■  ■  by  —  •9-744727 


Produd  2',7?®  =  0.568636 


Example  XII.  Multiply  .  .  .  2^,23  —  1.326541 

by .  4?.d  =  1-623458 


Produd  900,71?  =  2.94999.9 


c.  Examples  ofVvRZ  Decimals. 

Example  XIU.  Multiply  ....  ,12  =  .9.079181 

by .  -.8  =  .9-903090 

Produft  ....  ,096  =:  .8.982271 


Ex- 
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til 

■i 

Logarithms. 

Example  XIV.  Multiply  ..  ,0097  ==  .97.986772 

by  ...  .  ,00021  =  .96.322219 

Produd  000002037  =  .94.308991 


Example  XV.  Multiply  ,0047^^  =  ^97.623458 

by  .  .  .  ,00008  =  .95.948847 

III  ■  11  ■  I  ■  I  I  II  ••  -I  -  I  ~  •  ifT  ,!■ 

Produa  ,0000003735  =  .93.572305 


Example  XVI.  Mult.  ,00000085  =  .93.929419 

by  ,0000012  —  .94.079181 

Produd  ,00000000000102  =r  .88.008600 


Ex.  XVII.  Mult.  ,00000000075  =  .90.875061 
by  ,000006  =  .94.778151 

Produd  ,0000000000000045  ==  .85.653212 


6.  Division  hy  Logarithms. 

In  the  fame  Part  of  the  "theory  referred  to  (Art.  2.) 
for  the  Rule  by  which  Multiplication  is  performed  by 
Logarithms^  you  will  likewife  find  the  Demonftratioji 
of  the  following  V^\x\^  oi  Divijion  of  Numbers  by 
Logarithms  j 

rFrom  the  Logarithm  of  the  Dividend^ 

,  .  \Subftrad  the  Logarithm  of  the  Divifor  % 
jThe  Remainder  is  the  Logarithm  of  the 
L  ^wtient. 


I 


1 


Examples  Integers, 

Logarithmi. 

7.  Example  I.  Divide  .  .  .  » .  96  =  1.982271 

by .  12  =  1.079181 

Quotient  ....  8  =:  0.903090 


.  / 

Example  II.  Divide . 1524  =  3.182985 

by  ...  i.  ...  .  172  =  2.103804 

Quotient . .  12  =  1.079181 


Example  III.  Divide.  ....  52600  ==  4.720986 

by .  526  =  2.720986 

Quotient ....  100  =  2.000000 


Example  IV.  Divide.  .  .  .  5105892  =  6.708071 

by .  517  ■-=  2.713490 

t 

Quotient...  9876  ==  3.994581 


Exam.  V.  Divide  510589200000  =  11.708071 
by  .  .  987600  5.994581 

Quotient  517000  ==  5.713490 


8.  Examples  Mix’d  Numbers. 


Example  VI.  Divide 

by  .  . 


75  =  1.875061 

7,5  =  0.875061 


Quotient .  10  e=  i. 000000 


I 
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I  Example  VIL  Divide . 44,^4 

by .  12,4 

Quotient .  .  .  3,6 

I  Example  VIIL  Divide  ....  434,34 

by  .... .  570 

Quotient..  ,762 


Example  IX.  Divide  .  .  .  ,006935 

by .  3^’5 

Quotient  ,00019 


Example  X.  Divide .  30,1 


by . 

Quotient .  >473 

Example  XI.  Divide . 3',7fz^ 

by  k  ^ 

Quotient .  ^ 

Example  XII.  Divide.  .  .  ^00,71$ 

by  .....  k  43^,,^ 

Quotient .  .  2^,23: 


CL 


1^3 

Logarithms. 

;  1.649724 
1.093422 

0.556302 

2.637830 

2755875 

.9.881955 

.7.841046 

1.562293 

.6.278753 


1.478566 

1.803705 

.9.674861 


0.568636 

0.823909 

.9.744727 


2.949999 

1.623458 

— miwi  ■  11^— —W 

1.326541 


-0.  Ex-‘ 


\ 
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p.  Examples  in  Pure  Decimals. 

Logarithms. 

Example XII L  Divide.  .  .  .  ,096  =  .8.982271 

by .  ,12  =  .9.079181 

Quotient  ....  ,8  =  .9.903090 


Exam  XIV.  Divide  ,000002037  =  .94.308991 

by  ...  .  ,0097  =  .97.986772 

Quotient  ,00021  =  .96.322219 


Ex.XV.  Divide  .  .  ,0000003735  =  .93*572305 
by  .  .  .  .  .  0000^  =  .95.948847 

‘  Quotient  ,0047^0  =  *97*^23458 


Ex.XVI.  Div.  ,00000000000102  =  .88.008600 
by  .  .  ,00000085  =  .93.929419 

Quotient  ,0000012  =  .94.079181 


Ex. XVII.  Div.  ,0000000000000045  =.85.653212 
by  .  .  ,000006  =.94.778151 

Quotient  ,00000000075  =.90.875061 


10.  I  think  thefe  Examples  in  the  Multiplication 
and  Divifion  of  Numbers  by  Logarithms^  are  fufficient 
to  inftrud:  docible  Genius  in  his  Pradlice  herein  ; 

and  as  the  -latter  are  but  the  Converfe  of  the  former, 
fo  they  mutually  illuftrate  and  prove  the  Truth  of 
each  other  refpedively. 


CHAP. 
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CHAP.  Ill, 

■^Of  raiJingVowERs,  and  Extraction  of 
Roots  by  Logarithms. 

i.T^ROM  theTheory  of  Logarithms  (Chap.  L 
Art.  12.  and  Chap.  III.  Art.  13.)  we  have 
an  evident  Rule  for  the  Involution  of  Numbers^  or 
xaifing  them  to  any  propofed  Power  by  means  of  Lo¬ 
garithms  i  which  is  this, 

"Multiply  the  Logarithm  of  the  given  Number 
by  the  Index  of  the  Power,  viz.  2,  3,  4,  5, 
the  Produbi  fhall  be  the  Logarithm  of 
the  Power,  viz.  the  Square^  Cube.,  Biqua- 
drate^  Surfolid.^  &c.  Power  of  the  faid  given 
Number. 


r 


viz.\ 


Examples  in  Involution. 

2.  Example  I.  What  is  the  Square  of  the  Num¬ 
ber  32  ? 

Multiply  the  Logarithm  of  .  ....  321=1.505150, 
by  the  Index  of  the  Power  .....  2 

■tfn  II  III  n  ■ 

TheProd.  is  the  Log.  of  the  Square  10241=3.010300 

Ex.  II.  Required  the  Square  of ...  .  3,2=0.505150 
Multiply  by . .  .  .  2 

The  Prod,  is  the  Log.  of  the  Square  10,24=1.010300 

Ex.  III.  Required  the  Square  of  .  ,  ,32=.9. 505150 
Multiply  by .  2 

The  Produft  is  the  Anfwer  .  .  ,io24=.9. 010300, 

O  2  '  Ex- 


1 1 6  Of  raifng  Powers 

Example  IV.  Required  tlie  feveral  Powers  of  the 


Number  1.05  to  the  Surfolid? 

1.  The  Logarithm  of . 1.05—0.021189 

Multiply  by .  2 

The  Produ6t  is  the  .  .  .  151025=0.042378. 

2.  Multiply  the  Logarithm  of  1.05^=0.02 1 189 

by .  3 

The  Produfl  is  the  Cube  1,15762 5==  0.063567 

3.  Multiply  the  Logarithm  of  1.05=0.021189. 

by . 4 

Fro.dudl  is  the  Biquadrate  1.21650625=0.084756 

4.  Laflly,  Multiply  the  fame  .  .  1.05=0.021189. 

by . 5 

Produdl  is  the  Surfolid  1.2773315625=0.105945 


Example  V.  Required  the  furfolid  Power  of  l;he 
Number  ,0006  1 

Multiply  the  Logarithm  of  ,0006 —.96.778 ^51 
By  the  Index  of  the  Power  5 

,00000000000000007776=. 8 3. 890755 

Example  YI.  What  is  the  Cubo-Cuhe  Power  of, 98  ?. 

Multiply  the  Logarithm  of.  .  ,08  =.98.903090 

by  the  Index  of  the  Power  ...  6 

The  Cubo-CubeBo'^tv  ,000000262144—93.418540 

Example  VJL  What  is  the  57th  Power  of  the  Num¬ 
ber  5O9  r 

Multiply 
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V 

Multipiy  the  Logarithm  of  ...  599~-9-995^35 
by  the  Index  of  the  Power  ...  57 

69969445 

4997^175, 

The  57th  Power  is  .  .  .  ,56389,  &c.=.9. 751 195 

3.  There  is  another  way  of  raifing  the  Powers  of 
Decimal  Nun'^hers  by  Logarithms,  and  it  is  thus  ; 

! Multiply  the  Arithmetical  Complement  of  the 
Logarithm  of  the  given  Fradbion  by  the 
I  ndex  of  the  Power,  the  Arithmetical  Com¬ 
plement  of  the  Produdb  is  the  Logarithm  of 
the  Power  fought. 

And  this  in  many  Cafes,  (as  when  Cat  Index  of  the 
Power  is  a  mix^d  Number  or  pure  Decimal)  will  be 
found  moft  certain  and  ready.  Thus  in  the  laft  Ex¬ 
ample  this  way  ;  ^ 

Example  VIII.  What  is  the  57th  Power  of  the 
Number  ,99  ? 

The  Logarithm  of .  599— •9'995^35 

The  Arithmetical  Complement  0.004365 

which  multiply  by  .  .  .  57 

30555 

21825 


Thp  Produd  .  ,  .  0.248805 

The  Arithmet.  Comp,  k  7  r  o  « 

the  Log.  of  the  Power  )  »5  3  9>  •9*75ii95 

Example  IX.  What  is  the-Ith  or  2  5tli  Power  of  ,2  ? 

The 


~Extra5lion  of  Roots 


128 


The  Logarithm  of  .  . 

Arithmetical  Comp,  thereof 
which  multiply  by  the  Index 


52^.9-301030  j' 
.0.698970  --j 
525  ►! 


3494850.' 

1397940  I' 


The  Product;  .  .  . 
The  Arithmet.  Comp,  is 
the  Log.  of  the  Power 


0,17474250.; 
,66874,  &c.  —.9.825258  : 


Example  X.  What  is  the  6,25th  Power  of  ,0032  ? 

The  Logarithm  of  .  .  .  50032=.7.505i5a  ; 

The  Arithmetical  Complement  2.494850  ; 

which  multiply  by  ...  6.25  ; 


The  Product:  is  .  .  .  15.5928125  ; 

The  Arithmetical Complem.  of  which  is  .84.4071875 
And  the  Number  anfwering  thereto,  vi%, 
,00000000000000025538  is  the  6.25th  Power  of'*' 
,0032.  i 

4,  Evolution  Extraction  (?/ Roots 

LoCAR  ITHMS. 

This  Is  done  by  a  Rule,  the  converfe  of  that  for  Invo¬ 
lution^  in  Alt.  I  ft  *5 

{Divide  the  Logarithm  of  the  Power  by  the  ' 
Index  of  the  Root,  the  Quotient  ftiall  be  ' 
the  Logarithm  of  the  Root  fought. 

Examples  E  v  o  l  u  t  i  o  n. 

Example  T.  What  is  the  Square  Root  of  1024  } 

Divide  the  Logarithm  of  .  .  .  1024— 3.010300 
By  the  Index  of  the  Root  2  ^ 

ThcQnot.istheLog.of the  fquare^oot32=^  1.505 150  ; 


Chap.  III.  Logarithms. 


i'  Example  11.  Required  the  Cube  Root  of  1^157626  ? 

Divide  the  Logarithm  of  1,1 57625^0.063567 
By  the  Index  of  the  Root  3 


1  The  Qu.  is  the  Log.  of  the  i505=:o.o2i  189 

]  Example  HI.  What  is  the  furfolid  Root  of  the  Power 
5OO00CO00000000007776  ? 

The  Logarithm  thereof  is  .  .  , 

\  which  divide  by  the  Index  5 


]  The  Quot.  is  the  Log.  of  the 
Root  fought 


} 


^ooo6=.^6,yySi^i 


j  Example  IV.  What  is  the  Ciiho-Cule  Root  of  the 

'Power  5000000262 144  ? 

The  Log.  of  .  .  ,000000262 i44™.93,4i 8540 

Which  divide  bv  the  Index  6 

'I  ^ 

^  The  Root  fought  is  .  .  .  ,08^.98.903090 

!  Example  V.  What  is  the  57th  Root  of  the  Power 
,56389,  ^c. 

The  Logarithm  of  .  .  .  ,56389,  &c.  .9.751195 
which  divide  by  .  .  .  57 

The  Root  required  is  ,  .  .  ^99~-9-995^35 


5.  Another  different  way  to  extrad  the  Root  of 
Decimal  Numbers  is  the  converfe  of  that  in  Art.  3d, 
hereof. 

r  Divide  the  Arithmetical  Complement  of  the  Lo- 
1  garithm  of  Decimal  given  by  the  Index 
viz,  of  the  Root  required ,  the  Arithmetical  Com- 
I  plement  of  the  Qiiotient  is  the  Logarithm 
L  of  the  Root  fought. 


Ex- 


3 
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Example  VI.  What  is  the  ,25th  Root  of  the  Power 
,66874,  &c.  ? 

The  Logarithm  thereof  is  .  .  .  .9.825258 

The  Arithmetical  Complement  is  0.174742 
which  divide  by  .  .  *  ,25 


The  Quotient  *  .  . 

The  Arith.  Comp,  is  the  Log. 
of  the  Root 


0.698970 

,2=:.9.30I030 


Example  VII.  Required  the  6.25th  Root  of  the  : 
Power ,00000000000000025538  ?  • 

The  Logarithm  thereof  is  .  .  .  .84.407187 

The  Arith.  Comp,  of  which  is  1 5.5928 13 

which  divide  by  .  .  .  6.25 


The  Quotient  is  .  .  .  2.494850  ' 

the  Arith.  Complem.  thereof  is  .  .  •  .7.505150- 

the  Logarithm  of  ,0032  the  Root  fought. 


Example  VIII.  What  is  the  Cubo-Cube  or  6th  Root: 
of  the  Power  ,  i  ? 

The  Logarithm  of  .  .  .  ,i=.9. 000000c 

the  Arith.  Comp,  thereof  .  *  .0.999999  ^ 

which  divide  by  the  Index  6 


The  Quotient  .  .  . 
The  Arith.  Comp,  is  the 
Log.  of  the  Root 


0.166666^ 
I  ,68129,  &c.  =.9.833333 


6.  Thus  you  fee  the  great  Ufe  of  Logarithms  in. 
extrading  the  Roots  of  a  given  Power,  which  tho’  a.i 
thing  fo  very  difficult  by  the  Rules  of  common  Arith¬ 
metic,  is  yet  render’d  moft  eafily  pradicable  by  thisb 
excellent  Art ;  yea  ’tis  eafy  to  make  it  appear,  that: 
the  Extra^lion  of  Roots  is  not  only  moft  expeditioudy 
performed,  but  hath  a  more  univerfal  Perfection  inc 
this  Method,  than  in  any  other. 


Chdp.  IV.'  Various  Rules  Proportion,  'I2| 
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t  H  A  P.  IV. 

the  various  Rules  ^/'Proportion;  and  of 
.JindingM.zA^  Proportionals  ^^Loga¬ 
rithms. 


t .  ROM  the  theory  ’tis  evident;  that  the  golden 
jP  Rtde,^  or  Rule  of  Proportionals is  wrought 
in  Logarithms  by  only  the  Addition  and  Suhjir action 
of  the  Logarithms  of  the  Terms  of  the  Proportion. 
And  if  the  Proportion  be  dired,  the  Rule  is  thus ; 

Add  the  Logarithms  of  the  fecond  and  third 
Terms,  from  that  Sum  fubftradl  the  Loga¬ 
rithm  of  the  Jirft  ;  the  Remainder  is  the 
Logarithm  of  the  fourth  fought 

Examples  in  the  Golden  Rule  Diredl. 


!  Example  I.  If  12  Pounds  cofl:  i/.  what  will 

173  Pounds  coft  ? 

Tlie  Logarithm  of  .........  .  i2=:i‘.079i8i 

To  the  Log,  of  iL  i^s.  ^  ^22/1^6 

Add  the  Logarithm  of- . 1 731=2.238046 

The  Sum  2.490292 

SubftracS  thb  firft,  there  remains  25,77/.=:i.4i  1 1 1 1 


Wherefore  the  Anfwcr  is  2 5; 7 7  ij=z2^U  15L  ^d.\, 

2.  But  hnce  if  you  divide  by  any  Number,  or 
multiply  by  its  Reciprocal,,  the  Effect  is  the  fame  ; 
and  alfo  iince  the  Arithmetical  Complement  of  any 
‘Nimiberj  is  but  thc'Logarithm  of  the  Reciprocal  of 

R  that 
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that  Number ;  therefore  it  follows,  that  where  the 
SubJira5iion  of  a  Logarithm  is  required  in  any  Ope¬ 
ration,  if  you  take  the  Arithmetical  Complement  of 
that  Logarithm,  the  whole  may  be  performed  by 
Addition  only.  Thus  in  the  foregoing  Example. 

ithe  Ar.  Comp,  of  the  Log.  of  12. =.8. 9208 19 

the  Log.  of . ;  .  t,7875/.=  o.252246 

the  Log.  of  ....  —  173=2.238046 

25,77/.=i4iiiii 


•  •  •  • 


The  Sum  is  the  Anfwer 
the  fame  as  before. 


Example  II.  If2C.  1^.21/.  i4<?2.  cofl:5/.  17J.  8J.L 
what  will  3 1  C.  2q,  26 1,  i^oz,  coft  ? 

Then  2  C.  iq.  21 1,  i4^2.=2.4453  A.Com.  .9.61 1668 
The  Log.  of  5/.  lys.  Sd,l:=z  5.8844  =  0.769702 
TheLog.of3iC.  2^,26/.  i5ez.>  _ 

=31,7405  J - 

The  Sum  is  the  Logarithm  of  76,381/.= 1.8 829844 
Therefore  76,38 1/.=76/.  ys.  y  dA  is  the  Anfwer. 

3.  Of  the  Rule  of  Three  Inver fe. 

In  this  Cafe  you  muft  take  the  Arithmetical  Com¬ 
plement  of  the  third  Term,  and  add  it  with  the  Lo¬ 
garithms  of  the  other  two  as  before  j  fo  fhall  the 
Sum  be  the  Logarithm  of  the  Anfwer. 

Example.  Suppofe  a  Field  feeds  18  Horfes  for  7 
Weeks,  how  long  will  it  feed  42,  at  that  rate  ? 

f  the  Logarithm  of . 18=1.255272 

Add'J  the  Logarithm  of .  7=0.845098 

the  Arith. Comp,  of  theLog.of  42=8.376751 


The  Sum  is  the  Logarithm  of  Anfwer  3=0.477121 
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4.  Ofjhe  double  Rule  of^hree^  or  Rule  of 

.  Five  Numbers. 

I  AsinQueftions  of  this  fort,  there  are  always 
j  conditional  or  fuppofed  Terms  i  the  firft  of  which  is  the 
j  principal  Caufe'oi  Gaitt^  Lofs^  Ablion^  &c.  the  fecond 
j  denotes  the  Time^  Diftance-t  ^c.  and  the  third  is  the 
I  ^  Gain^  Lofs^  or  A5i ion ^  &c.  So  let  thefe  three  Terms 
I  be  denoted  by  the  Capitals  P,  T,  G.  Alfo  there  are 
three  other  Terms  (limilar  to  the  three  former)  which 
I  ^  make  the  Qi^ftion  to  be  refolv’d  ;  and  let  thefe  be 
I  reprefented  by  the  fmall  Letters  p,  t,  g.  T  wo  of  which 
i  are  always  given,  and  the  other  is  fought.  But  fince 

P :  G  ::  p  :  s  and  again,  fince  T  :  ^  ::  -t:  g  ; 

therefore  Tg  =  ^  ,  and  confequently  PTgritpG  ; 

from  which  general  Theorem  we  can  eafily  find  p,  t, 
or  g.  Thus,  I.  =  p;  and  II.  ^J?=:t;andIIL 

"  Gt  ^  Gp 

=  g.  The  Contrivance  of  thefe  excellent  The- 

orems  we  owe  to  the  late  Mr.  JVard^  of  Chefter. 

5.  I  fhall  exemplify  Queftions  In  this  Rule  by  Ex¬ 
amples,  as  follow. 

Example  !.  If  100/.  in  12  Months  gain  6/.  what  will 
3  50  4  gain  in  9  Months  ? 

Here  P=ioo,  T=i2,  Gc=6  ;  alfo  p=:350,  t=9, 
to  find  g.  '  , 

fthe  Logarithm  of . G=6=:0.778i5i 

Add<  the  Logarithm  of . p=:3 50=2. 54406 8 

the  Logarithm  of . t=9=:0.954242 

• -  -i - - — -- 

The  Sum  is  the  Logarithm  of  ...  .  Gpt“=4.2  76461 
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j  c  the  Logarithm  of . P=ziQOr=2 .000000 

^ithe  Logarithm  of . T=:i  2=1.0791 8 1 

The  Sum  is  the  Logarithm  of . ‘  PT —  3.079181 

Then  from  the  Logarithm  of  ....  Gpt=4.27046i 
§ubdu(5b  the  Logarithm  of  .  .  ...  PT=3.o79i8i 

There  rem.  the  Lqg. of  ^=g=  15,7^  =1.1^7280 
Wherefore  the  Anfwer  is  1 5.75  /.=i  5  /.  15  s. 

6^.  Example  II.  If  36  Bufhels  will  ferve  24  Horfea 
48  Days,  how  long  will  126  Bulhels  ferve 
96  Horfes  ? 

Here  P==24,  T=r48,  0=36  ^  airQp—965  and 
g=  126;  to  find  t 

fthe  Logarithm  of  P=24=i.38o2i  i 
Add-^  the  Logarithm  of  Tzr4&=i.68i24i 
/  the  Logarithrri  of  g=i26=2. 100370 


The  Sum  is  the  Log.  of  .  .  PTg=5. 161822  from’j 

^dd  5  Logarithm  of  0=36=1.556302  * 

i  the  Logarithm  of  p=9 6= 1.98227 1 

The  Sum  is  the  Log.  of  ...  .  Gp=3.  538573  fuhf.J 


Therefore  the  Log.  of  —  t  =  4.2  =  1.623249 
The  Anfwer,  viz,  42  Weeks. 


7.  Example  III.  At  the  Rate  of  4!/.  per  Cent,  per 
Ann.  what  Principal  will  produce  35/.  15J. 
in  7,5  Months  ? 

Here  P=ioo,  T=i2,  0=4,5*,  and 

g=35- 75  i  to  find  p. 
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fthe  Logarithm  of  P=ioo=:2.op'oooo 
Add i  the  Logarithm  of  T=i  2=1. 079181 
l^the  Logarithmofg==35,75=i.55327^ 

TheSumis  the  Log.  of  .  .  .  PTg=4.632457  fromy 

.  j  ,  c  theLogarithm  of  0=4.5=0.6532 12  ^ 

'  1  the  Logarithm  of  t=zy.£=:0.8y^o6j  . 

TheSumisthe  Log.  of  ....  Gt=i. 528273  fubf.Jl 

Whence  the  Log.  of :=p= 1 271,11 4=3 . 1 04184. 

Confequently,  1271,1  i4/.=i27i /.  2  j.  3^.+-  is  the 
Anfwer. 

]VoUy  Thefe  T'heorems  give  the  Anfwer  abfolutely^ 
without  regarding  whether  the  Proportion  be  i)ire£f 
or  'inverfe^  Qv  both  together,  as  in  Art.  6.  Exam.  II, 


8,  Of  the  Method  of  finding  Mean  Proportionals. 

In  order  that  a  clear  Notion  of  this  moft  ufeful 
Problem  rnay  be  had,  I  fhall  premife  the  following 
things. 

1.  Between fquare  Numbers  AA  and  BB,  there 
will  fall  but  one  Mean  Proportional  AB  ;  that  is, 
A^ :  AB  ::  AB  :  B^  See  Az/c/,  8.  ii. 

2.  Between  two  Cubic  Numbers  A^  and  B^,  there 
will  fall  two  Mean  Proportionals  A^B  and  AB^  j  that 
is,  A^:  A^B  ::  AB^  :  B^.  See  EucL  8.  12. 

3.  Between  two  Biquadrate  Numbers  A'^  and  B^, 
there  will  fall  three  Mean  Proportionals  A^B,  A^B*", 
and  AB^  ;  that  is,  A^ :  A^B  ::  A^B  :  A'-B^  ::  A'^B^  : 

AB^  ::  AB' :  B^ 

4.  Again,  between  f urf olid  Numh^vs  A^  and 

'Bb  there  will  fall  four  Means ^  viz.  A'^B,  A""B^, 
A^B%  and  AB^ ;  that  is,  A%  A^B,  A"^B%  A^B^ 
AB"^,  Bb  will  be  Proportionals.  And  thus  the 

I  Number 
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Number  of  Proportionals  will  be  always  lefs  by 
one  than  the  Index  of  the  Power  of  the  given  Ex¬ 
tremes. 

9.  But  the  common  Ratio  of  all  fuch  Series  is  -2. 

For  AA  X  =  A®  i  ^  ^ 

And  A^  X  2.=A^B;  and  A^B  x—  =  AB*^  ;  and 

AB^  X  2-  —  and  fo  in  the  others.  Here  I  have 
A 

fuppofed  A  to  be  the  leaft  Number,  and  B  the  greateft, 
and  the  Series  to  begin  from  A^,  A%  (s^'c.  But  if  B 
be  lefs  than  A,  and  the  Series  begin  from  B%  fs? r. 

A 

then  the  Ratio  of  the  Series  will  be  • 

Now  -2  is  Root  of  2-^5  5  (dc.  and  there¬ 

fore  from  thefe  Premifes  well  underdood,  ’tis  cafy  to 
conceive  the  Reafon  of  the  following  Rule  tor  -find¬ 
ing  Mean  Proportionals,  viz, 

pSubftradt  the  Logarithm  of  the  leaftl^erm  from 
j  the  Logarithm  of  the  greatejt^  and  divide 
i  the  Remainder  by  a  Number  greater  by-one 
j  than  the  Number,  of  Aleans  defired*,  then 
Rule<  add  the  Quotient  to  the  Logarithm  of  the 
leafl  Term  (or  fubdradt  it  from  the  Loga¬ 
rithm  of  the  greateft)  continually,  and  it, 
will  give  the  Logarithms  .qf  all  the  Meant 
Proportionals  defired. 

10.  Example  L  Let  two  Mean  Proportionals  bei. 
fought  between  8  (^A^)  and  28  (=  Bh) 


The:- 
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The  Logarithm  of  .  . B^=2  8 

The  Logarithm  of . A^==8 
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=  1.447158 
mo. 903096 


The  Difference  is 


^3  =0.544068 


which  divide  by .  3 

B 

The  Quotient  is .  =0.181356 

To  which  add  the  Log.  of.  .  .  A’=8=o.90309o 

The  Sum  is  the  Log.  of )  A  IP  o 

iftMean  S  A‘B=i2,i4=i.o8444S 

To  which  add  again .  ^  =10.181356 


The  Log.  of  the  2d  Mean  AB^=  18, 44=  1.2 65 8 02 


Wherefore  the  Proper- 1  8  :  12,14  18.44  •  28 

tionals  are  j  A^  :  A^B  AB"^  ;  B^ 


II.  Example  11.  Between  16  and  64  find  five 
Mean  Proportionals. 

The  Logarithm  of . B‘^=64=:i.8o6i80' 

Subdudthe  Logarithm  of.  .  A‘^=i  6=1.2041 20 

There  remains . .  .  ^  =0.602060 

B 

I  of  which  is .  ~  =0.100343 

To  which  add  the  Log,  of .  .  .  .  A^=i  6=1.2041 20 

The  Sum  is  the  Log.  of?  A*p  ^  ^ 

the  IftMean  ^  |  A»B=20.i58=i.304463 

B 

To  which  add  again .  ^  =0.100343 


The  Log.  of  the  2d  Mean  A^B"'=25. 398=1. 404806 

And 
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■* 

And  thus  you  produce  the  Logarithms  of 

! 3d  Mean  ........  A^B'^=:3 21=1.505 156 

4th  Mean . A^B^z=40.3 17=1.605493 

5th  Mean . .  .  AB^=505796=i.705836 

The  Series  therefore  is  this, 

516.  20,158.  25,398.  32.  40.317-  50.79^-  ^4- 

A^B.  A^B\  A’Bh  A^B\  A^B.  B^ 

12.  If  it  were  required  to  find  364  Mean  Prbpbr- 
tionals  between  o  and  1.06  ;  or  o  and  1.05  ;  or  o  and 
1,04,  ^c.  then  A^^^=o,  and  fr^"=i,o6  j  1.05, 

and  fo  “  =i:B  =  v^  1.06,  or  1.05,  l£c- 

Wherefore  if  you  multiply  the  Logarithm  of  B,  by 
2,  3,  4,  5,  &c.  to  365,  you  will  thereby  obtairl 
the  Mean  Proportionals  rto^mrtd.  And  thefe  will  be 
the  feveral  Amounts  of  i /.  and  its  Intereft  iox  each 
of  the  Year,  at  the  Rates  of  6,  5,  4/.  &:c.  per 
Cent,  per  Annum,,  Compound  Intereji,  But  more  will 
be  faid  of  this  hereafter. 

i  \ 


CHAP.  V. 

Simple  Interest  by  Logarithms. 

I.  ^  ^  Defign  being  only  to  acquaint  the  Reader 

XVJL  the  Theory  and  practical  Ufes  of  Lo¬ 
garithms,,  and  not  to  treat  of  the  Theory  of  any  other 
Art  or  Branch  of  Mathematical  Science  ;  it  will  be  I 
fufficient  for  me  barely  to  mention  the  Theorems  or  ! 
Rules^  on  which  the  divers  Parts  of  Learning  (I 
fliall  treat  of;  depend,  and  fhew  how  they  are  moft 
conveniently  wrote  by  Logarithms, 

Of 
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'A“ 


0/ Simple  Interest, 


2.  I  have  more  than  once  ferv’d  myfelf  with  thofe 
excellent  Theorems  of  Intereft  contrived  by  the  late 
ingenious  Mr.  Ward ;  and  fliall  once  again  make 
them  fubfervient  to  my  Defign  in  this  Place.  In 
order  to  which 

fP=any  Principal  or  Sum  put  to  Interefi, 
R=the  Ratio  of  the  Rate^  per  Cent,  per  Ann. 
T^ztheTime  the  Principal  continues  2Xlnterejt. 
A=the  Amount  of  the  Principal  and  Interefi. 

3.  Then  any  three  of  thefe  being  given,  the  other 
may  be  found  by  .the  following  theorems. 

Theor.  I.  TRP+P=A.  Theor.  II.  =  P. 

Theor.  III.  ^  =  R.  Theor.  IV.  ^  =  T, 


Queft.  1.  What  will  275/.  x^s.  amount  to  in  3I 
Years,  at  4.il.  per  Cent,  per  Annum  ? 

Here  P=275,75,  1=3,5,  R==o.o45,  to  find  A. 
Theor.  1. 

[the  Logarithm  of  .  .  .  P=2 7 5. 7 5=2 .4405 15 
the  Logarithm  of .  .  .  T=i  3,511:10,544068 
the  Logarithm  of.  ,  .  R=io.o45=. 8.6532 12 

The  Sum  is  the  Log.  of  PTR=:43. 431=.!. 637795 

*  _ J  I 

To  which  add . Pii:2  75,75 


Queft.  11.  What  Principal  or  Sum  being  put  to  In¬ 
tereft,  will  amount  to,  or  raife  a  Stock  of 
319/.  3J.  7  J.  in  3i  years,  at  the  rate  of4l/. 
per  Cent,  per  Annum  ? 

"  '  S  The 


The  Log*  of  the  Amount  A=:/.  319,181  =2 .50403  6 


the  Log.  of  the  Time  .  . «  T=:3,5=zo. 544068 
the  Log.  of  the  Rate  R=o.045=i.8.6532i2 


The  Sum  is  theLog/Of .  .  TR=o.i575=:.9.i9728o 


Then  the  Log.  of  .  .  .  TR-f*  1=1. 1575=0.063521 

'““stint”.  W  \  1>-75,75-.4405.5 


^Wherefore  the  Principal 
required  is 


\  /. 275.75=275/.  15^. 


Queft.III.  At  what  Rate &c.  will  275/. 
amount  to  3 1 9  /.  3  .r.  j  d.mOfk  Years  ? 

Here  A— P=3 1 9, 1 8 1-^275,75=43.43 1. 

The  Logarithm  ....  A — P=43. 43 1=1.637800 

jvdd 5 Logarithm  of  .  .  ,  P— 275,75=2.440515 
the  Logarithm  of  .  .  .  T=  3,5=0.544068 

The  Sum  Is  the  Logarithm  of  PT  .  .  .  =2.984583 


Which  fubf.  from  the  Log.  7  r,  o  /r  o 

A— r,  there  will  remain  3  ’ 


Quell.  ly.  In  what  Time  will  275/.  15J.  raife  a 
Stock  of  319/.  ^s.  yd,  at  the  Rate  of  4-1/. 
per  Cent,  per  Annum  ? 

AddX  Log.  of  the  Prin.  P=275,75=2.4405i 
i  the  Log.  of  the  Ratio  R=o.045=.8. 65321 

The  Sum  is  the  Log.  of  PR=  1.093727 

Which  fubftraft  from  7  v  r>  ^  o 

the  Log.  of  '  \  A-P=43, 431=1.637800 


There 
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There  will  remain  the  >  A-^p 
Log.  of  j 


=T: 


13^ 

3,5=0.544073 


Therefore  the  Anfwer  is  31  Years. 


4.  Of  Annuities,  in  Arrears. 

*"U=the  Annuity y  Penjion^  ox  yearly  Rent.  ' 

I  Tzzthe  "Time  of  its  Continuance  unpaid. 
p^(.  j  R=:the  Ratio  of  the  Rate  of  Intereft. 

^  A=the  Amount  of  the  Annuity  and  its  Intereft,^ 


Then  the  theorems  for  finding  each  of  thofe  Part^' 
culars,  are  as  follows, 

Theor.  I.  X  R  :  +  TU  =  A. 

2 

Theor.  II.  _ TR-f-zT  ^ 

'Theor.  III.  =  R. 

Theor.  IV.  4.  £?  :  —  lx  esT. 

RU  ”  4 


Queftionl.  If  250/.  yearly  Rent  (Penfion,  Cfr.)  be 
forborn  or  unpaid  7  Years^  what  will  it  amount 
to  in  that  time  at  6  /.  fer  Cent,  for  each  Payment 
as  it  becomes  due  ? 

-  Here  11^250,  R==:o.o6,  T==  7  ;  to  find  A^per' 
Theor.  I. 

A  s  1  cthe  Logarithm  of  ....  11—250=2.397940 
1  the  Logarithm  of  ...  .  T=:  7z=:0. 845098 

The  is  the  Log.  of  .  .  TU=i750=3. 243030 
add  the  Logarithm  of  • .  ,  T=  7=0.845098 

The  Sum  is  the  Log.  of  TTU=i225o=4.o88i28 


S  2 


Then 
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Then  the  Log.  of  =5250=3.720159 

to  which  add  the  Log.  of  R=o.o6=.8.778 1 5 1 


TTU— TU 

The  Sum  i$  the  Log.  of — ^ - xR=3 1 5=2 .498310 

To  which  add  ....  *  TU=i75o 


The  Sum  is 
xR:+TU: 


TTU— TU  1 

37 


2065/.  theAnf. 


Note,  if  thefe  Payments  be  made 
Quarterly,  1  f  and  4T. 

Half-yearly,  >  a  ^  and  2T. 

Three-quarterly,  j  ^  (_iR>  iU,  and  |T. 


Queft.  II.  What  Tear-Rent,  Penjion,  &c.  being  for- 
born  or  unpaid  feven  Years,  will  raife  a  Stock 
of  2065/.  allowing  6  per  Cent,  per  Annum, 
for  each  Payment  as  it  becomes  due  ? 

Here  Az=z2o 65,  T=7,  R=o.o5;  to  find  U,  per 
Theor.  11. 

A  j  1  (  the  Lbgarithm  of . T=7=  0.845098 

the  Logarithm  of  .  .  .  R=o,o6=.8. 778151 

The  Sum  is  the  Log.  of.  .  .  TR=o  ,421=1.9.623249 
to  which  add  the  Log.  of  T=7=  0.845098 

The  Sum  is  the  Log.  of .  .  TTR=:2, 94=  0.468337 
From  which  fubdud:  .  .  .  TR=ro,42 

There  remains  .  .  TTR — TR=2.52 
to  which  add . 2T=i4 

the  Sum  is  TTR — TR-|-2T=i6, 52=1. 218010 

the  Logarithm  of . 2A=4i3o=3. 615950  I 


The 
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The  Difference  of  thefe  Logarithms  is  U=25o/,  =3 
2.397940,  which  is  the  Annuity  fought. 


Queft.  III.  If  2 50/.  Yearly  Rent,  Ssfr.  being  forborn 
7  years,  will  amount  to  2065/.  allowing 
limple  Intereil:  for  each  Payment  as  it  becomes 
due,  what  muft  the  Rate  of  Interefl  be  per 
Cent,  per  Annum  ? 

Ajj  Jthc  Logarithm  of  .  .  .  .  17=250=2.397940 
^  \  the  Logarithm  of  ...  .  T=7=  0.845098 

The  Sum  is  the  Log.  of .  .  .  UTi=;r750=3. 243030 
to  which  add  the  Log.  of  .  .  .  T=7=  0.845098 

The  Sum  is  the  Log.  of  TTU— 12250=4.088128 
from  which  fubdudt  .  .  .  .TU=i750 

there  remains  TTU — TUz=  10500=4.021 189 
the  Logarithm  of  2A — 2TUizr630=2. 799340 


Subdual;  the  former  from  the  7 


^  R=o.o6=.8. 778151 


latter,  there  will  remain 
Wherefore,  as  i/. :  0.06/.  too/  •  ^/.  the  Rate  re¬ 
quired. 


Queft.  IV.  In  what  time  will  250/.  Yearly- Rent, 
raife  a  Stock  of  2065/.  allowing  6/.  per  Cent^ 
&:c.  for  the  Forbearance  of  each  Payment  as 
it  becomes  due  ? 

Here  U=250,  A=2o65,  R=o.o6,  ^ 

— 1=32, 3^=;^;  to  find  T,  ^rrTheor.  IV, 

Add  \  Logarithm  of  ...  .  17=250=2.397940 
^Ithe  Logarithm  of .  .  .  ,  R=o.o6:=:.8.778i5i 


The 
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The  Sum  is  the  Logarithm  of  RUrri 5=1 . 1 7609 1 
which  fubf.  from  the  Log.  of  2  A=:4 130=3. 6 159 50 

there  remains  . . :=i275,3:=2.439859 

«,,f  the  Logarithm  of;  ...  .  ^^-=3  2, 3'=  1.509  65  8 
the  Logarithm  of ...  .  Ite:8,o83'=o.907594 

XX 

The  Sum  IS  the  Log.  of  ~  =26i,36o5:::2.4i7252 
to  which  add . 1^=^75^3333 


the  Sum  is  . . 

Half  that  Log.  7 
is  the  Log.  3 


lu  +  T  =536,6938=2.729724 
+  1  =23,166^=1.364862 


from  which  dedudl ....  Jfc:i6,i66^^ 


there  will  remain  ^  :~|^=:T=::7,  thQ 

Number  of  Years  required. 


5,  Of  the  Present  Worth  c/ Annuities, 

Pensions, 

Here  U,  P,  R,  T,  are  ufed  to  denote  the  Annuity^ 
prefent 'SR orthy  Ratio  of  the  Rate  of  Inter efi^  and 

^ime^  as  in  the  former  Articles  ;  here  alfo  Jet  ^ 

2P 

ij  — 1=^^  5  then  the  Theorems  for  Operation  arc 


as  follows  5 

TTR— TR+2T 


Theor.  I.  — - xU=rP=  Prefent  Worth, 


TR4-1 


Theor,  II,  xTR— TR4-2T  ^  2.P— U^^Annuity,  tifr. 


Theor. 
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2P _ 2TU 

Thcor.III.  xTU  TU  2PT  RSitlo  of  the  Rcite* 

Theor.  d=  ix—T,  —  the  Time. 

Queft.  I.  What  is  the  prefent  Worth  of  75  /.  Yearly 
Rent,  to  continue  9  Years,  at  6  per  Cent. 

Here  U~75,  T==:9,  R=o.o6,  to  find  P,  per 
Theor.  I. 

-  ,  j  c  the  Logarithm  of . T=:9=o. 95424a 

the  Logarithm  of .  .  .  .  R=ro.o6~.8.778i5i 

The  Sum  is  the  Log.  of .  .  .  .  TR=,54=.9. 732393 

Alfothe  Logarithm  of .  .  TTR=:4, 86=10,686635 


fubftra(51: . TR=,54 

there  remains  ....  TTR — TR— 4.32 
to  which  add .  2T=i8. 


The  Sum  is  TTR — TR-f-2T=:22, 32=1. 348694 
the  Logarithm  of  .  .  .  2TR-^-2~5.o8=^o.48855i 

the  Difference  is  .....  =0.860143 

To  which^add  the  Log.  of .  .  .  11=75=1.875061 
The  Sum  is  the  Logarithm  of 

X  U  =  P  =  543.506  =2.735204 
Wherefore  the  prefent  Worth  is  543/.  lOi.  id.i. 

Queft.  II.  What  Annuity,  Penfion,  i^c.  may  be 
purchafed  for  543/.  10  J.  i^.  I,  to  continue 
9  Years,  allowing  to  the  Purchafer  Cent^ 
per  An.  fimple  Intereft  ? 

Here  P=543, 506  j  T=9;  R=03o6  5  to  find  U,  per 
Theor,  11. 

*  T’’ 

rrom 
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From  the  Log.  of  .  .  .  .  TR+i=i)54=o. 187521 
lS  o'?  }  TTR-TR+2T=22.3z=i.348694 


to  the  Difference .  .8.838827 

add  the  Logarithm  of  2 P=io8750i  2=3.036234 

The  Sum  is  the  Logarithm  of 

TR-t-I  -r.  .T  nr 

fi'R-TK+zT  X  2P  =  U  =  75  =1.875061 

That  is,  75/.  ferAnnmn^  is  the  Annuity,  i£c.  fought. 


Queft.  III.  If  543/.  los.  id,  i  ready  Money,  will 
purchafe  an  Annuity,  Leafe,  of  75  /. 

per  Annum ^  to  continue  9  Years  ^  §U(£re  the 
Rate  of  Intereft  per  Cent.  &c.  ? 

Here  P=543,5o6 ;  U=75  ;  T=9  ;  to  find  R,  per 
Theor.  III. 


From  the  Log.  of  2p — 2TU=262, 988=2.41 9936 
}  TTU-TU-2 PTz=43  8  3 , 1 08=3 -64 1 7  8  2 


the  Difference  is  the  Log.  of  R=o.o6=.8.778i54 


Wherefore,  as  xL  :  0,o6/.  ::  100/.  :  6/.  the  Rate 
required. 


Quefi.  IV.  If  for  543/.  io.f.  id.i  I  purchafe  an  An¬ 
nuity,  Penfion,  ^c.  of  75/.  per  Annum*, 
Slu^re.,  how  Jong  I  may  enjoy  it,  at  the  Rate 
of  6  per  Cent.  6cc.  Intereft? 

Here  P=543, 506,  U=75,  R=o,o6  *,  tofindT,J5^r 
Theor.  IV. 

From  the  Log.  of.  .  .  2P=io87, 012=3.036234 

fubdud  the  Log.  of . 11=75=1.875061 

- 

2? 

^heDlff.  IstheLpg.of.  .  ^  =14^493=1.161173 

Which 
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2 

which  fubftraft  from  .  .  ^  — 1=32,333' 

2  2p 

there  remains  —  y  — !=;;=  17.840=  1.25 1395 
add  the  Log.  of . i;<’=4.46r=o.649335 

I 

the  Sum  is  the  Log.  of .  .  1:^^=79,5664=1.900730 

2? 

to  which  add . 2=241,558 


the  Sum  is  + 

half  which  is  |  zP 

the  Log.  of  J  ku 

fubftrad . . 


there  remains 


kj 


the  Years  fought. 


XX 

4 


=321,1244=2.506659 


+  %  =17.919  =  1-253329 


lx=8,92 


— j;<’=:T=8, 999=9, 


6.  If  the  Qneftion  be  of  Annuities,  in  Reverf  on, 
you  mufl:  find  the  Amount  of  the  Pur  chafe- Money  to 
the  time  of  Commencement  (together  with  itsintereft) 
by  Queft.  I.  Art.  3.  and  make  that  Amount  the  Sum 
for  the  Purchafe  *,  and  then  proceed  as  in  the  Que- 
ftions  of  this  laft  Article.  Thefe  are  all  the  funda¬ 
mental  or  original  Cafes  of  ftmple  Intereft, 


\ 


A 


CHAP. 
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CHAP.  VI. 

Compound  Interest  hy  Logarithms* 

I .  H  E  former  Queftions  o^fimple  Inter ejl  might 
I  be  refolved  by  the  Rules  of  vulgar  Arith¬ 
metic  \  and  I  have  only  there  fhewn,  they  may  alfo 
be  (and  that  in  many  Cafes,  moft  conveniently)  wrought 
by  Logarithms.  But  in  the  prefent  Affair  of  compound 
InlereJL  the  Ufe  of  Logarithms  is  ahfolutely  necejfary  9 
no  other  Method  of  the  Solution  of  C^eflions  in 
compound  Interefl  being  equal  to  it  in  Extent  and 
Perfedlion.  And  confequently  the  young  Student  in 
Arithmetic  is  under  an  indifpenfible  Obligation  to  be 
acquainted  with  this  tnofl:  excellent  and  ufeful  Branch 
of  the  Science. 

2.  I  fhall  here  alfo  proceed  according  to  the  Theo¬ 
rems  of  Mr.  IVard  \  and  therefore 

^  Pzirthe  Principal  put  to  Inter  eft. 

it— the  Lime  of  its  Continuance . 

A=the  Amount  of  the  Principal  and  Inter  eft. 
Ri=the  Amount  of  i /.  and  its  Liter  eft  for  one 
Year,  at  any  given  Rate. 

ISote^  you  find  }  too  :  106;:  i  :  i,o6z=rR,  at  6  per  Ct. 
R  thus,  5  too  :  105  ::  I  :  i505~R,  at  y^per  Ct. 

I'he  Amounts  of  I /.  j  i.  2.  4.  5,  Cfc.  Years, 

in  feveral  Years  t  R.  R^  R^  R^  R%Cfr.  Am.ofi/. 

Therefore  Rt  =  the  Amount  of  1 1.  in  the  Time  t  for 
the  Rate  agreed  on  ;  this  being  premifed,  the  Theo¬ 
rems  for  Compound  Intereft  are  as  follow. 

.3.  Tiieor.  I.  PR'=:A=the 


Theor. 


Chap.  VL  ^5;;  Logarithms;  '139 


Theor.  II.  —  P  =  the  Principal, 

=  the  Time. 


Theor*  III,  ^  =  Rt  | _ 


the  Amount  of  i  /. 


By  thefe  Theorems  the  feveraj  Queftions  of  Com* 
pound  Intereft  are  anfwered  iiioft  expeditioufly  by 
the  Logarithms  in  the  Manner  following. 

4.  Quell.  I.  What  will  ^75/,  i^s.  amount  to  in 
3I  Years,  dX  fer  Cent.'per  Annwn^  Com¬ 
pound  Intereft  ? 

Here  P=275,75  •,  R=i,045  >  ^^3^5  5  find 
per  Theor.  I.  . 

The  Logarithm  of . R=2:i,o45”0.oi9i  16 

multiply  by  the  Time  ...  t::i=  3,5 

The  Prod.  is  the  Log.  of  R^=i, 1665=^0. 066906 
To  which  add  the  Log.  of  P—2 75, 7 5 ^2.4405 15 

TheSurhis  the  Log.  of  PR^=r:A— 32 1,68— 2.50742 1 

,  So  the  Amount  fought  is  32 1  /.  1 3  j".  7  which  is 
.more'” than  the  Amount  by  fimple  Intereft  by  2  /.  to  j. 
'See  Queft.  I.  Art.  3.  of  the  foregoing  Chapter. 

C^eft.  II.  What  Principal  or  Sum  being  put  to  Ufe 
at  4I/.  per  Cent.  Compound  Intereft,  will 
amount  to  321  /.  13  s.  j  d.  in  3!-  Years  ? 

Here  A— 321,68  *,  R:=i,045  i  t—3,5  j  to  find  P, 
per  Theor.  II. 


From  the  Logarithm  of  A— 32 i,68=:2.5C742 1 
Subducft  the  Logarithm  of  R‘=^  1.1665=0.066906 

-i  -  ■  - 

A 

TheDifF.  is  the  Log.  S,"] 

therefore  the  Principal  fought  is  275/.  15  J- 

1'  ?.  Quea. 
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Queft.  III.  At  what  rate  per  Cent.  &c.  Compound 
Intereft,  will  275/.  1 5 raife  a  Stock,  or  a- 
mount  to  321/.  1 3  j.  ^ d.  in  3!  Years  ? 

PI ere  A=3 2 1,68  ;  Piz:275,75  ;  t=:3.5  *,  to  find  R, 
per  Theor.  III. 

From  the  Logarithm  of  A=z:3 2 1,68=2.50742 1 
Subftradt  the  Log.  of .  .  .  P=2  75, 75=2.4405 15 


The  Difference  is  the  Log.  of  R*  0.066906 

which  divide  by  the  Time  .  .  . 

The  Produc5t  is  the  Log.  of  1^=1.045=0.0191 16 

Then  as  i  :  0,045  ••  100  •4}5=4^^‘  P^^  Cent,  the 
Rate  requirjed. 

Qneft.  IV.  In  what  Time  will  275/.  15^.  raife  aStock 
of  32 1  /.  1 3  r.  7  at  the  rate  of  4!/.  per  Cent, 
Compound  Interefi  ? 

Here  P=275,75  ;  A=32i,68  \  R=i.045  ;  to  find 
t,  per  Theor.  IV. 

From  the  Logarithm  of.  .  A=32 1,68=2.507421 
Subdual  the  Logarithm  of  P=2 75, 75=2.4405 15 

The  Diff.  is  the  Log.  of  ...  .  Rf=i, 045^=0. 66906 
ThentheLog.  of  1.045=0.019 1 1 6)0.066906(3, 5=t. 

'  5734S 

955S0 

955^0 


Thus  the  Anfwer  is  3  Years  and  6  Months. 

As  the  Amount  2ir\y  Sum  and  its  Intereji  iss 
greater  at  Compound  Intereji  than  at  Simple  Intereji  ’ 
for  any  Slime  above  a  Year  j  fo  it  is  left  at  Com- 

pound\ 
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pound  than  Simple  Intereft.  for  any  Stime  lefs  than  a 
Year,  as  the  Learner  may  eafily  prove  by  the 
Theorems  beforegoing. 


0/ Annuities,  in  Arrears. 


Theor.  I.  —  =  A  =  the  Amount  of  any  Sum. 

Theor.  11.  — ti.]' '  =  U  =  the  Annuity^  Penfion^ 
&c. 

Theor.  III.  =  R'  =  the  Time. 

Theor.  IV.  ^  ^  —  R'  =  the  Amount 

of  i/. 

6.  Queft.  I.  If  30/.  yearly  Rent  be  forborn  9  Years, 
what  will  it  amount  to  at  5  /.  per  Cent,  &c. 
Compound  Intereft  ? 

Here  11=30,  t=9,  R=i,05  ;  to  find  A;  per 
Theor.  I. 

The  Logarithm  of .  .  .  .  R=i,O5=0.O2i  1S9 

multiply  by  the  Index  ...  9 

The  Product  is  .  .  1  .  .  .  R*=i. 5 16=0. 180701 

To  which  add  the  Log.  of . .  ■.  U=3o=i  .477121 

The  Sum  is  the  Log.  of  UR^=45,48=i.65782  2 

Subducft  ....  Lr=3o 

There  remains  .  .  .  UR* — ^U=i  5, 48=1. 189771 
Subftra6l  the  Log.  of  R — i=o.o5=.8. 698970 

The  DifF.  is  the  7  UR*— U  ^  ^  o 

b-og.  of  )  R — I  —  ^  —  ‘^o^^6z=z2.^<^o^oi 

1  he  Amount  therefore  is  309/.  121.  for  Anfwer. 

Queft:. 
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Queft.  II.  What  Annuity,  will  raife  a  Stock  (or 
amount  to)  .309/.  12  s,  being  forborn  or  un¬ 
paid  9  Years,  at  5  /.  per  Cent,  &c.  Compound 
Intereft  ? 


Here  Az=:309,6 ;  t=i9  1  R=:i,05  ;  to  find  U,  per 
Theor.  II. 

Add-5  Logarithm  of ,  .  .  .  A=z309, 6=1:2.490801 
L  the  Logarithm  of .  .  .  R=i  ,05=0.02 1189 

The  Sum  is  the  Log.  of .  .  AR=:325,o8=2.5ii990 

j  .  ■  _ 

Therefore  the  Log.  of  AR — -Air:! 5, 48=1. 189771 
Subdud  the  Log.  of  .  . .  R^ — iz=io.^i6=::g.yi26§<3 


The  DifF.  is  the  7 
Log,  of  3 


AR— A 

=U  =  3o=i.477i2i 


That  is  30/.  per  Annum  is  the  Annuity 


Queft.  III.  In  what  time  will  30/.  per  Annum  a- 
mount  to  309/.  \2s.  ^X.  per  Cent,  Com¬ 
pound  Intereft  ? 

Here  U=3o  *,  A=309,6  5  R=i505  ;  tofind  t,  per 
Theor.  III.  *  • 

-  , ,  c  the  Logarithm  of  ...  .  A=: 309,6=2 .490801 
t  the  Logarithm  of  .  .  .  .' R=  1,05=0.02 1189 


The  Sum  is  the  Log.  of  AR=3255o8=2.5i  1990 

Subftrad  ....  A — U=:279,6 

There  remains  AR-^-IJ — A=45, 48=1. 657822 
Subftrad  the  Log.  of  U=  30=1 .47  7121 

The  DifF:  is  the  Log.  of  .  .  R^=i  ,05^=0. 18070? 

Then  the  Log.  of  1,050.02=1  i89)o.i8o7o?(9=t. 

18070? 


Queft, 


Anfwer,  9  Years. 
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Queft.  IV. ‘At what  Rate  per  Cent,  Compound  In- 
tereft  will  30/.  Yearly  Rent  amount  to 
q^o^L-i2s.  in  9  Years? 

Here  11=30 ;  Azzz^o^^S  ,  t=:9  ;  to  find  R,  per 
Theor,  IV. 

From  the  Log.  of  .  .  .  A — 11=279,6=2.446537 
Subdudt  the  Logarithm  of .  .  .  11=30=1.477121 

The  DifF.  is  the  Log.  of  =9,32=0.969416 

Again  from  the  Log.  of.  .  .  A=309, 6=2.490801 
Subftradt  the  Logarithm  of.  .  11=30=1.477121 

The  Diff.  is  the  Log.  of  ~  =10,32=1.013680 

>  ^ 

Therefore  the  faid  Theorem  IV.  is  reduced  to  this 

Equation,  viz.  9.32=io,32R — R^.  Now  this  E- 
quation  may  be  eafily  refolv’d  by  a  converging  Series  ; 
or  ftill  eafier  by  the  Tables  of  the  Amount  of  i  /. 
for  feveral  Years  fucceffively  ;  for  therein  R^,  or  the 
Amount  of  i  /.  in  9  Years  may  be  tried  for  the  feve¬ 
ral  Rates  per  Cent,  in  the  Tables.  For  inftance,  fup- 
pofe  I  pitch  upon  the  Table  at  5/.  per  Cent.  Com¬ 
pound  Intereft,  then  I  find  R  '=1-551328,  ^c. 
V/herefore  9. 32-4-1. 551328=10. 871328=10. 32R  \ 
'  therefore  10.32)  10.871328  (=1,05.  Now  fince 
I  :  0,05/.  ::  100/.  :  5/.  the  very  Ratep^’r  Cent,  af- 
fumed  in  the  Tables,  it  will  follow,  that  is  the  true 
i  Rate  fought. 

ij  Note.,  This  Queftion  may  be  refolved  by  the  Rule 
I  of  falfe  Pofition  ,  which  I  leave  to  the  Learner’s 
«  Exercife. 
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_  » 

7.  Of  the  Present  Worth  of  Annuities, 

at  Compound  Liter  eft. 

Here  P  denotes  prefent  Worth  of  any  Annuity, 
Leafe,  Cfe.  and  the  reft  of  the  Letters  as  before. 
Art.  6.  Then  the  Theorems  are  as  follows. 

U— 

Theor,  I.  — =:P  =  the  prefent  Worth. 

Theor,  II.  — —  =  U  =  tne  Annuity^  &c. 

Theor.  III.  plpjirp^  =  =  the  "Lime. 

Theor.  IV.  7  =  ^  R'  +  R‘  — R’+>=:  the  Value 
of  R. 

Queft.  I.  What  is  30  /.  per  Annum  to  continue  9  Years, 
worth  in  ready  Money,  abating  5/.  per  Cent. 
&c.  Compound  Intereft  to  the  Purchafer  ^ 

Here  11=30,  t=9  *,  R=i,05i  to  find  P,  per 
Theor.  I. 

The  Logarithm  of .  .  .  .  R=i,o5=o.02 1 1 89 

Multiply  by  the  Time  ....  9 

The  Prod,  is  the  Log.  of  R 9=  1.5 16=0. 18070^1 
which  fubftradl  from  the  Log.  of  U=30=:i.477i2 1 

IT 

The  DifF.  is  the  I>og.  of  ~  zri 9, 78 8=1. 296420 
wTich  take  from  .  .  .  LJ=3o 

there  remains  .  .  .  L  —  ]r  =10.2 12  rr;i  .009 1 1 1 
Subducftthe  Log.  of  .  .  .  R — i=0.O5=.8. 698970 

The  Diff.  is  the  Log.  of  P=204,24=2.3ioi4i 
The  prefent  Worth  is  204/.  4;.  oi. -i,  theAnfwer. 

Qiicft. 
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Queft.  li.  What  Annuity,  y<:.  to  continue  9  Years 
may  one  purchafe  for  204/.  4.S.  gdk.  abating 
5/.  per  Cent.  &€.  to  the  Purchafer  I 

PTere  P==204,24  *,  t=9h  R=:i,05  U,  per 

Tiieor.  II. 

f  the  Logarithm  of  .  .  .  1.5 16—0.180701 

Add the  Logarithm  of  .  .  .  .  R—1,05— 0.02 1 1 89 
Cthe  Logarithm  of.  .  P=204,24=2.3ioi4i 

The  Sum  is  the  Log.  of  PRR^=:325,i  1—2.512631 
Then  from  ....  PRR^=325i,ii 

Subftradl  .  .  i  PR^=:309.62  8 

there  remains  PRR.^— PR^=i 5,482  —  1 . 189799 
Subdud:  the  Log.  of  IT- — i=:0.5i6  =  .9.712650 

The  DiiF.  is  the  Log.  of;  .  .  111=30=1.477149 
Therefore  the  Annuity  fought  is  30/.  per  Annum, 

QuefI:.  III.  What  tirhe  may  one  enjoy  an  Annuity^ 
of  ^ol.per  Annum.,  for  204/.  4J.  9^4. 
ready  Money,  abating  to  the  Purchaier 
per  Cent.  &:c.  ? 

Flere  P=204,24  ;  U=3o  ;  R=i.65  \  to  find  L 
per  I’heor  HI. 

Add  5^^^  Logarithm  of  .  .  P=204,24— 2.310141 
i  the  Logarithm  of .  .  .  .  R  =  i,05— 0.02 1 189 

The  Sum  is  the  Log.  of  PR=2 14,452=2.33 1330 

Then  .....  P±U=234.24 

The  Diff.  .  .  .  P+U—PR=I9. 788  =  1. 296402 
Vv'hich  fubftraT  from  the  Log^  of  16—30=1.477121 

The  DifF.  is  the  Log.  of  R'=  i  ,0 5'— 1,51 6^ 0.180719 

U  Then 
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Then  the  Log.  of  i, 05^:0.02 1189)0. 1807 19 (—9=:^ 

180701 

Ahfwer,  9  Years.  •  •  *  •  18 

Queft,  IV.  Suppofe  aii  Annuity,  &c.  of  3b/.  pef' 
Annum^  to  continue  9  Years j  be  fold  for 
204/.  45.  gdi,  ready  Money,  what  rate  of 
Intereft  hath  the  Puixhafer  allow’d  per  Cent, 
See.  for  his  Money  ? 

Here  P=204,24  ^  U=30  ;  t=9  to  find  R,  per 
Theor.  IV. 

From  the  Log.  of  the  Annuity  11=30—1.477121 
Subdudlthe  Log*  of .  *  .  .  P-=204,24— 2.310141 


The  DifF.  is  the  I.og.  of  -p  =0.14679=  9.166980 

Then  the  faid  Theor.  IV.  is  reduced  to  this  Equa¬ 
tion,  viz.  o.  14679=0. i4679R9--f-R9 — Ri°;  which 
is  to  be  folv’d  by  the  Method  of  Infinite  Series.  But  for 
thofe  who  underftand  not  that  Method,  this  Queftion 
h  much  better  anfwer’d  by  the  Rule  of  Falfe  ;  or  yet 
eafier  by  the  Tables  of  Compound  Intereit.  See  a 
compleat  Set,  with  their  Ufes,  in  my  Syftem  of  Deci¬ 
mal  Arithmetic^  publilhed  for  Mr*  Noon^  at  the  White 
Hart^  in  Cheapfide^  London. 

■ 

84  Of  Purchajing  FKt^noLVi  Fst:  AT 'Es. 

Eftates  in  Fee  Simple  (which  are  fuch  as  we  coni- 
monly  call  Freehold  or  Real  Eftates)  being  pur- 
chafed  for  ever^  or  without  Reverfion  \  *tis  plain, 
that  in  the  foregoing  Theorems  for  finding  the  pre- 
fent  Worth  of  Annuities,  i^c.  if  thofe  Terms 
wherein  t  (=  the  Time)  is  found,  be  made  to  va- 
nifh,  as  being  Infinite  5  the  faid  Theorems  will  be 

reduced 
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reduced  to  fuch  as  fuit  tht  prefect  Cafcy  and  are 
as  follows. 

Theor.  I.  ==  P,  the  Ft efent  Worthy  or  P ur chafe- 

Money, 

Theor.  II.  PR — P^U,  the  Annuity ^  or  EJiate  per 
Annum. 

Theor.  III.  — =  Rj  the  Amount  of  i  /.  at  the 
given  Rate. 


Queition.  What  mu  ft  be  given  for  a  Freehold  Eilate 
of  ^ol.  per  Annum,  allowing  the  Buyer  61, 
per  Cent,  Compound  Intereft  for  his  Money  I 

flere  U=50i  R^i^ob  s  to  find  P,  per  Theor.  1. 

The  Logarithm  of  .  .  .  U==50=:i. 698970 

Subdud  the  Log.  of  R-f-i—OjOb^r.S. 778151 

Thepiff.is  the  Log.  of  =P=S33,j— 2.920819 


The  Purchafe- Money,  then,  is  833/.  6s.  %d.  If 
it  had  been  at  the  Rate  of  5  /.  per  Cent,  Compound 
Inter efi,  the  faid  Eftate  v/ould  be  worth  1000/.  pre- 
fent  Money  \  which  is  equal  to  twenty  times  the 
Tearly  Rent :  and  therefore  the  general  Method  of 
buying  Freehold  Fftates,  is  by  paying  20  or  25  times 
the  Yearly  Rent ;  which  is  commonly  called  20  or 
25  Years  Purchafe. 

The  other  two  Theorems  are  wrought  in  the  fame 
Manner  for  U  and  R ,  which,  being  fo  very  eafy, 
need  no  Example. 


U  2 


CHAP. 
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CHAP.  VII. 

0/' Vulgar  Fractions  by  Logarithms, 


?•  find  the  Logarithm  of  a  Vulgar  Fraction ^ 

1  this  is  the 

r  From  the  Logarithm  of  Numerator 
Rule  <  Subflrad:  the  Logarithm  of  the  Denominator  ; 
L  the  Remainder  is  the  Log.  of  the  Fraction. 

Example  I.  What  is  the  Log., of  the  Fradtion  ? 

F^rom  the  Logarithm  of  .  .  .  51==!. 707570 

Subftradl  tae  Logarithm  of.  .  .  73=15^^33^3 

there  remains  the  Log.  of  77— o.69862=:.9. 844247 


Exam.  11.  What  is  the  Logarithm  of  -Wo  ? 

From  the  Logarithm  of  .  .  .  .  i— 0.000000 
Subftradl  the  Logarithm  of  .  .  .  1 756=3.244524 


there  remains  the 
Log.  of 


,oo,o56947=.6.755476 


Exam.  in.  What  is  the  Logarithm  of  jff-  ? 

From  the  Logarithm  of  ...  .  100=2.000000 

Ta^.-s  the  Logarithm  of  .  .  .  1357=3.1 32580 

i 

there  remains  the  Log  of 073692=. 8. 867420 


Exam.  IV.  What  is  the  Logarithm  of  WoVoT  ^ 


The 
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The  Logarithm  of  ....  5973^3v776i92 

From  which  take  the  Log.  of  1000000=6.000000 

there  rem.  the  Log.  of  >QQ5973-»777^^9^ 


2.  If  the  Fradion  be  a  mix'd  one^  it  muft  be  re¬ 
duced  to  an  improper  Fra5iion  •,  and  then  proceed 
with  it  as  before. 

Example  I.  What  is  the  Logarithm  of  13!  ? 

Here  13!=^  j 

Therefore  from  the  Logarithm  of  96—1.982271 
take  the  Logarithm  of .  .  ,  .  7=0.845098 

there  remains  the  Log.  of  137=13.714=1.137173 


Exam.  11.  What  is  the  Logarithm  of  193^.^ 

Here  193:^=^;-"  ’ 

Then  from  the  Logarithm  of  14140=4. 150449 
take  the  Logaiithmof  ,  .  .  ,  73=1.863323 

there  rem. the  Log, of  19377=193569862=2.287126 


3.  If  the  mix’d  Fra^ion  confifts  of  large  Num^ 
hers-i  it  may  be  mod:  eafily  reduc’d  by  Logarithms, 
thus  ;  fuppofing  the  Example  be  2145-^-^ ; 

To  the  Log.  of  the  2145=3.331427 

Add  the  Log.  of  the  Denominator  589=2.7701 15 

The  Sum  is  the  Log.  of .  .  '  1263405=6.101542 
to  which  add  the  Numerator  .  . 


i  Then  you  have 


the  new  Num.  1263462 
the  Denomin.  57 


4. 


Vulgar  FraBiom 


150> 


4.  To  multiply  Vulgar  Fractions  by  Logarithms^^ 
add  the  Logarithms  of  the  Numerators  for  the  Lo- 
ga^rithm  of  a  new  Numerator  ;  and  the  Logarithms  of 
the  Denominators  for  the  Logarithm  of  a  new  De¬ 
nominator. 

Example.  What  is  the  Produd  of  —  intoj  ? 

^dd  the  Log*,  of  the  Numerators  |  o' 84^09  8 


The  Log.  of  the  new  Numerator  245=2.389166 

Add  the  Log^.  of  the  Denominaf .  j  ^ 

^  I  9=0.954242 

The  Log.  of  the  new  Denomin,  1 557=3 . 1 9  2  2  8  S 

:  the  fractional  Product 


Therefore  x  | 
required. 


5.  The  Logarithm  of  the  Produ^  of  feveral  Frac¬ 
tions  multiplied  into  one  another  is  thus  obtain’d 
viz.  Add  the  Logarithms  of  all  the  Numerators  and 
the  Arithmetical  Complements  of  the  Logarithms  of 
all  the  Denominators  together  •,  the  Sum  is  the  Loga¬ 
rithm  required. 


Example. 


Add  to¬ 
gether 


What  is  the  Logarithm  of  ~  x  x  t 

i  87=1.939519. 
33=1.518514 
3=0.477121 

97=. 8.014228 
46=. 8. 337242 
7=-9-i54902. 


the  Arith.  Comp,  of  the 
Logarithms  of 


TheLog.of|j  x: 


t.y?=,27639='9-44I526 

6« 


t 
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6.  To  divide  Vulgar  Fraclions  by  Logarithms^ 
do  thus ;  Add  the  Logarithm  of  the  Denominator  of 
the  Bivifor  to  the  Logarithm  of  the  Numerator  of 
the  Dividend  \  the  Sum  is  the  Logarithm  of  a  new 
Numerator  ;  and  the  Sum  of  the  Logarithms  of  the 
other  Fa^ors^  is  the  Logarithm  of  the  new  De¬ 
nominator  of  the  Quotient  required. 


Example'.  Divide  by  f. 


Add  the  Logarithms  of  | 


The  Leg;  of  the  new  Numerator 
Add  the  Logarithms  of|  .  ,  . 
The  Log.  of  the  tiew  Denom. 


9- 

=0.954242 

245= 

=2.389166 

2205= 

“3 ’34  34*^^ 

7= 

=0.845098 

1557= 

=3.192288 

10899= 

=4.037385 

Therefore  |) 


^45  / _ _ 

*557^  I0b99 


See  Art.  4. 


7.  The  Logarithm  of  this  Quotient  may  be  found 
by  one  Addition,  in  like  manneras  directed  in  Art.  5. 
thus  *, 


Add  to¬ 
gether 


the  Logarithm  of  | 

the  Arith.  Comp,  ofc  yur.p.  154902 
the  Logarithms  of  t  1 557=^.6.8077 12 


The  Log.  of  .  .  |),^(=:fA=.2023I=.9.306022 

8.  The  Extra5lion  of  the  Roots  of  Vulgar  Frac¬ 
tions  by  Logarithms  is  thus  performed.  Divide  the 
Logarithm  both  of  the  Numerator  and  Denominator 
of  the  given  Fraffcion  by  the  Index  of  the  Root  ;  the 
Quotients  fhall  be  the  Logarithms  of  the  Numerator 
and  Denominator  of  the  FraHional  required. 

Examp. 


i^Z  Vulgar  Fradliom 

Examp.  1.  What  is  the  Sqiiare  Root  of  the  Fraftiori^ 

18  4-9  P  ** 

1  O  Z  O  I  • 

Divide  the  Logarithm  of  .....  i849=z:3. 266937 
by  the  Index  of  the  Root  ...  2 

The  Leg.  is  the  Num.  of  the  Root  43^=1.633468 


Again,  divide  the  Log.  of.  .  .  10201=4.008643! 

by  .  *  .  *  .  .  2 

i  I  HI  II  » 

The  Log.  of  the  Benom.of  the  Root  101=2.004321 
Therefore  the  Root  required. 

Example  II.  What  is  the  Cube  Root  of  86^-|y  ? 

This  reduced  to  an  improper  Fradlion,  is 

Therefore  the  Logarithm  of  29791=4.474085 
•j  thereof  is  the  Log.-  of  the  new  Num.  31=1.491362 

Again^  the  Logarithm  of  .  .  ;  .  343=2.535294 

-I  of  which  is  the  Log.  of  the  new  Denom.^^o.^^^o()^ 

3  _______ 

Confequently  v'SbJ-ll  =  V"  =  4^^5  the  Cube  Root 

fought. 

9.  To  find  the  Logarithm  of  the  Root  of  any  Frac¬ 
tion  ;  add  the  Logarithm  of  the  Numerator  to  the 
Arithmetical  Complement  of  the  Logarithm  of  the 
Denominator^  and  divide  that  Sum  by  the  Index  of 
the  Root  \  the  Quotient  fhali  be  the  Logarithm 
fought. 

Example  I.  What  is  the  Logarithm  of  the  Sauare 
Root  of  theFradion  * 

10^04 

The 
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The  Log.  of  the  Numerator  .  .  .  1849=3,266937 
S  Gomp.  Arith.  of  the  Log.  > 

?  of  the  Denom.  J  '  '  ^o^o^^-5-99^357 

The  Sum  is . 

which  divide  by  the  Index  of  the  Root 


.9.258284 

2 


[  The  Quot.  is  ) 
the  Log.  of  j 


1840  ; 

b  2,  O  i  ' 


42 


10  i 


)42574==.9-^^9»47 


]  Exam.  If,  What  is  the  Logarithm  of  the  Cube  Root 
of  the  mix’d  Fraction  863-^,  or  its  equal 


2.  o  7  9  I  p 
3  43 


Addi^^^  Logarithm  of  i  .  i  .  2979iz=4.474o85 

the  Ar.  Gom;ofthe  Log.  of  343z=:.7.4647o6 

The  Sum  is  the  Log.  of  .  .  •  •  •  68^=1.938791 
which  divide  by  the  Index  of  the  Root .  ■.  3 

’'‘Lwof  !  ✓55?8=4fc4.4-85=0.646«63 


CHAP.  VIIL 

Duodecimal  Arithmetic  performed  by 

Logarithms. 

L  O  I N  C  E  this  kind  of  Arithmetic  is  fo  very  com- 
li^  mon^  and  yet  in  the  common  Way  fa  very  dif 
ficult  \  I  hope  ’twill  not  be  unacceptable  to  the  young 
Artificer  to  be  convinced  with  how  much  more  Eafe 
and  Pleafure  he  may  compute  his  Dimenfions  in  this 
Way  by  the  help  of  Logarithms.  And  as  it  is  pro¬ 
per  to  reduce  them  firft  to  Decimals^  I  have  here  fub- 

X  joined 


154  Duodecimal  Arithmetic 

joined  a  Table  {Viewing  by  Infpecftion  the  Decimal 
Parts  of  a  Foot  (in  this  Cafe  the  Integer)  anfwering 
to  any  Number  of  Primes^  Seconds^  and  Thirds 
which  are  the  Parts  or  Diviiions  of  a  Foot  made  ufe 
of  in  this  kind  of  Menfuration. 

2.  The  Duodecimal  Table. 


Duode- 

Decimal  Parts. 

cimals. 

Primes  ‘ 

Seconds''^ 

Thirds'^^ 

I 

>o8j333 

,006944 

,000578 

2 

,1^6666 

,013^88 

,001 1 57 

. 

,25 

,02083^3 

,001736 

4 

>3'33333 

,02^777 

,002314 

5 

,41^666 

.034^ 

,002893 

6 

,041666 

,003472 

7 

>583'333 

,048611 

,00405 1 

8 

,^66666 

>0^5555 

,004629 

9 

^75 

,0625 

,005208 

10 

>8j'3333 

,069444 

,005787 

1 1 

,91^666 

,076388 

,006365 

3^  The  foregoing  Table  is  too  eafy  to  need  De- 
fcription,  I  mean  for  any  Perfon  concern’d  in  Duo¬ 
decimal  Menfuration  ;  and  therefore  I  fhall  proceed 
to  exemplify  and  illuftrate  the  Operations  this  Way 
by  Logarithms  in  all  the  Rules  of  Multiplication ^ 
Divifion^  Involution.^  and  Extradiion  of  Roots. 

4.  Muliplication  <?/Duodecim als  by  Loga¬ 
rithms. 

Examp.  1.  Suppofe  a  Plane  be  f  10'  in  Length,  and 
8^  8^  in  Breadth  ;  §u^re  the  Content  or  Area  ?  ’ 

A  j  .5  the  Log.  .  .  of  9f.  io'.=9.83'33=o.992704. 
CtheLog.  of..  8^  8'.=8. 6666=0. 937849 1 

The  Sum  is  the  Log.  of .  »  .  .  85,7'22  =  i.930553,n 
Thatis,  85,222  Feet5=85^  2'.  the  Area  required... 

Examp.. 
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Examp.  II.  What  is  the  Produ6l  of  40’'.  9'.  lo'-'  by 

ij/.  9//  ? 

Add i  40^9'.  io'''.=40.8i94=i. 610866 

t  the  Log.  of  ii^.  9^=0, 97916=. 9. 990854 

The  Sum  is  the  Log.  of  ...  .  39,969=1.601720 

Therefore  39,969=39^  ii'.  7^  6'",  the  ProduSi^ 
or  Area  required. 

Examp.  III.  What  is  175  Feet  00'.  04'^  by  8'^^? 

A  jjJthe  L.  of  175^  o'.  4^=175, 02/y=2. 243107 
I  the  Log,  of  8^^^=5004629—. 7.66548 7 

The  Sum  is  the  Log.  of  .  .  ,8/11 1  =.9.908594 

Therefore  0,81111=0^  9'.  8^  =  the  Area 

fought. 


Examp.  IV.  What  is  17^.  9'.  2".  6’“  by  6^? 

A  ,15  the  L.  of  1 7*'.  9'.  2''^.  6^^^=17,76736=1.247417 
the  Log.  of.  .  .  .  6=0.778151 

The  Sum  is  the  Log.  of.  .  106,60416=2.025568 
Thus  106. 60416=106^  7'  3^^.  the  Areafought. 


Examp.  V.  What  Number  of  folid  Feet  is  in  a  Cellar 


21^.  2'.  long, 
deep  ? 


Ilf.  10^.  8''^.  broad,  and  7f,  3'. 


f  the  Log.  of.  .  21^.  2-=2i,  1^)66=1.325659 

Adds  the  Log.  of  iif.  lo^  8^''=i  1,888=1.074109 
^theXog.  of  7^*  3^  =7,25— 0.860338 


The  Sum  is  the  Log.  of .  .  .  1820,19=3.260106 

Therefore  i820,i9=i820f.  26  3^6  4^^^?  the  Solidity 

required. 


X  2 
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5.  Division  ^/Duodecimals Logarithm^, 

pxamp.  I.  What  is  85^.  2'.  8''.  divide  by  8^  8'? 

The  Log.  of .  .  .  ,  85^.  2'.  8''''.=:85, ^2=1. 930553 
Subdudl  the  Log.  of  8^.  8'  =8,^66z=o.937849 

The  DifF.  is  the  Log.  of .  .  .  9*S3'3 3=0.992704 
So  that  9. 83^3 3=9^.  10',  the  Anfwer. 

Examp.  II.  What  is  9'.  Z",  9'^'.  divided  by  8'^'  ? 

FromtheLog.  of  9'.  8^  9'''=o.8/ii  i=.9.9o8594 
Subftradl  the  Log.  of  ^'’^■=2^00^62^'=:.^ ,66 

The  DifF.  is  the  Log.  of .  .  .  175, 02^=2. 243107 
Therefore  the  Anfwer  is  1 755027^=1 7  5f.  o', 

Examp.  III.  Divide  39^.  ii'.  y",  6^^'.  by  40^.  9'.  10'', 

.^Log.of  }•  •  39^-  7'  6'"=:39.9687=i.6oi72o 

Subd.  theLog.  of  40^.9'.  io'''=40. 8 194=1.610865 

The  DifF.  is  the  Log. .  .  of  0,9791 6—9.990854 
But  ,97916=11/.  the  Quotient  required. 

Examp.  IV.  Divide  106^  y',  by  6. 

From  the  L.  of  io6f  y',  3''.= 106, 604 1^=2. 2 055 6 8 
Subftrad  the  Log.  of  6=0. 878151 

The  DifF.  is  theLog.  of  17,76736=1.247417 

Thus  17,76736=17/.  9'.  z",  6'",  the  Quotient 
fought. 


6. 
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6.  I  NVOLUTiON  of  Duodecimals  hy  Loga¬ 
rithms. 

Examp.  I.  What  is  the  Area  of  that  Square  whofe 
Side  is  12^.  9^  7^ 

The  Log.  of  12^.  9'  y'^.  io'''.=i2. 80439=1. 107359 
Multiply  by  .  .  .  2 

The  Produd  is  the  Log.  of  163.9524=2.214718 

Therefore  163.9524=163^.  ii^  5'^  the 
required. 

Examp.  II.  What  is  the  Solidity  of  a  Cul^e  whofe 
Side  is  i^.  2'.  9^^ 

The  Log.  of  i^.  2'.  11^^^=1,23553=0.091854 

which  multiply  by  .  .  .  3 

The  Prodnd  is  the  Log.  of  1,8774=0.273562 

Therefore  1,8774=1^.  lo^  4!^’,  the  Solidity 
fought. 

y.  Ext  R  ACTION  <^RoOTS  DuODECI  MALS 

LoGA  RITHMS. 

Examp.  I.  What  is  the  Side  of  that  Square  whofe 
Area  is  16^^,  ii^  5''. 

The  L.  of  163.  ii'.  5^  i'^^.=i63.9524=2.2i47i8 
Divide  by  .  .  .  2 

The  Quotient  is  the  Log.  of  i  2.80439=1.107359 
Thus  12,80439=12^.  9'.  y'^,  io“‘.  the  Side  fought. 

Examp.  II.  What  is  the  Side  of  that  Cuhe^  whofe 
Solidity  is  i^.  10'.  6'''.  4''^^ 


The 
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I 

The  Log.  of  I.  10'.  6^''.  8 7 74=0.27 3 562 

Divide  by  ...  .  3 

V 

The  Quotient  is  the  Log.  of  1.23553=0.091854 

But  1,23553=1^.  2'.  9^^  the  Side  pf  the  Cube 
required. 

Thefe  few  Examples  abundantly  fhew  with  how 
much  more  Eafe^  Brevity  and  Expedition  the  Opera¬ 
tions  of  Duodecimals  are  performed  by  Logarithms^ 
than  by  the  ordinary  Method, 


CHAP.  IX. 


^he  Operation  of  the  common  Rules  of  A- 

RiTHMETic  Instruments ;  viz,  the 

Logarithmic  Scale  ;  and  Gunter'^ 

* 

Line,  with  the  Compasses,  and  on  the 
Sliding-Rule. 

I.  TTAving  in  the  Lheory  (hewn  the  Nature  and 
JLJ[  ConftruStion  ‘  of  the  Logarithmic  Scale^  and 
Gunter'' s  Line\  I  fhall  here  briefly  exemplify  their  ^ 
Ufes  in  the  Operation  of  the  common  Rules  of  A- 
rithmetic  thereby  ;  and  in  doing  of  this  I  fhall  ob- 
ferve  this  Method  ;  firfl:,  to  give  the  Operation  by 
Logarithms  in  Numbers,  Secondly,  to  perform  the 
fame  by  the  Logarithmic  Scale,  Thirdly,  to  work 
the  fame  Cafe  on  the  Gunter  with  the  Compajfes  ;  and 
fourthly,  to  do  the  fame  thing  on  thtSliding-Gunter. 

In  this  Method,  the  Analogy  ox  Agreement  between 
the  Numerical  and  Injirumental  Operations  will  more 
eafily  appear;  and  the  Nature. and  Reafon  of  the 
latter  be  much  better  underftood  hy yomtg  Learners, 
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2.  Multiplication. 

Examp.  L  Multiply  9  by  7. 

Firft,  by  Logarithms. 


.  ,  j  C  the  Logarithm  of  ....  .  91=0.954242 

^  t  the  Logarithm  of .  7—0.845098 


The  Sum  is  the  Log.  of  the  Prod.  =63=1.799340 

3.  Secondly,  by  the  Logarithmic  Scale. 

(Note,  If  the  fmalleft  Divifions  in  the  Line  AB 
reprefent  Numbers,,  the  Logarithms  begin  from  Ce 
in  the  Line  Ae  ,  if  the  middle  Divifions  in  A  B  be 
Numbers,  the  Logarithms  begin  from  G  %  but  if  the 
largeft  Divifions  in  AB  be  taken  for  Numbers,  then 
the  Logarithms  begin  from  H,  in  the  faid  Line  A  e.' 
And  fince  the  fmalleft  Divifions  are  too  fmalf  and  the 
largeft  Divifions  too  large  for  Examples,  we  mufi 
confequently  chufe  the  mean  Divifions  in  AB  to  re¬ 
prefent  the  Numbers  i,  2,  3,  4,  fffc.  or  10,  20,  30, 
40,  ^c,  or  100,  200,  300,  ISc.  and  fo  the  Loga¬ 
rithms  begin  from  G.  Therefore)  Set  one  Foot  of 
the  Compaffes  in  G,  and  extend  the  other  to  the 
Logarithm  of  the  Multiplier  7=ag,  which  you’l! 
find  to  be  Ga=845,  and  fince  G  6=954  is  the  Lo¬ 
garithm  of  the  Multiplicand  9=bh  ;  therefore  with 
the  fame  Extent  G  a  in  the  Compaffes^  fet  one  Foot 
in  b,  the  other  will  fall  on  d  •,  therefore  Gd  is  the 
1  Logarithm  of  theProdud:  dm=63  in  A  B,  the  Num^ 

!  ber  fought. 

i 

i  .  ^  . 

4.  Thirdly,  by  tht  Gunter  with  Compares. 

i  Set  one  Foot  of  the  Compaffes  in  the  Beginning  of 
I  the  Line  at  i,  and  extend  the  other  to  7  ;  with  that 
Extent  in  the  Compaffes  fet  one  Foot  in  9,  the  other 
will  fall  on  63,  the  Frodud:  required. 

Note^ 
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Note.  When  the  Numbers  are  fmall  the  larger  Hi- 
•vijions  may  be  ufed,  as  in  the  prefent  Cafe  ;  but  if 
the  Numbers  be  large^  the  lejfer  Divijions  muft  be 
ufed. 

g.  Fourthly,  by  the  Sliding-Gufiter. 

In  this  Cafe,  there  is  one  Line  of  Numbers  on  the 
Rule^  and  another  on  the  Slider^  both  mark’d  with 
N,  at  the  End.  And  it  is  eafy  to  conceive  that  by 
Aiding  one  of  thefe  by  the  other,  the  fame  Elfedls  are 
produced  as  before  with  the  Gompafles  ;  that  is,  any 
Part  of  the  Line  on  the  Rule  is  transfer’d  to,  or  com¬ 
par’d  with  any  other  Part  of  the  faid  Line  by  means 
of  the  Aiding  Line. 

Therefore  fet  i  on  the  Slider  to  7  in  the  Line  on 
the  Rule  ;  then  againft  9  on  the  Slider,  you  find  63 
on  the  Rule,  and  that  is  the  Produ(5l  fought, 

6.  Examp.  II.  By  the  Gunter.  What  is  theProdu(5fc 
of  2  7  by  1 8  ? 

Here  the  lefTer  Divifions  muft  be  ufed,  and  the 
greater  ones  reckoned  10,  20,  30,  on  the  firft 
Radius ;  and  confequently  on  the  fecond  Radius  they 
will  be  100,  200,  300,  Qc.  if  the  double  Radius  be 
ufed.  For  then  it  will  be  10  :  180  ::  27 :  the  Product 
fought.  But  fince  10  :  180  ::  i  :  18  ;  therefore  if  you 
make  i  :  18  ::  27  :  the  Produdl ;  the  fingle  Radius 
will  give  the  Anfwer  in  the  fame  manner  ;  only  re- 
membring  that  fourth  Number  fought  will  be  of 
the  fame  Denomination  with  the  fecond^  which  in  this 
Cafe  is  Hundreds. 

Therefore  fet  one  Foot  of  the  Gompafles  in  the  Be¬ 
ginning  of  the  Line,  and  extend  the  other  to  18,  the 
fame  Extent  will  reach  from  27  to  486,  the  Product 
fought. 

And  by  the  Gliding-Rule.^  thus ;  fet  i  on  the  Slider 
to  1 8  on  the  Rule,  and  then  againft  2  7  on  the  Slider 

you 
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I  you  find  486  on  the  Rule,  which  is  the  fame  Pfodu^: 
ns  before. 

j 

i  ^ 

;;  .7/  Examp.  III.  What  Is  the  Produdt  of  257  by  34 

Takeinyoiir  Compafles  thb  Diftance  from  i  to  34 
i  .bn  the  Line  of  Numbers,  the  fame  Extent  will  reach 
I  from  257  tp  8738,  the  Produ6b  required. 

By  the  Sliding- Rule,  thus  ;  Set  i  on  the  Slider  to 
;  34  on  the  Rule,  and  againft  257  on  the  Slider,  you 
I  fee  8738  on  the  Rule,  which  is  the  Product  as 
I  before. 

i  8.  Examp.  IV.  What  Is  the  Produdl  of  215  by 
108  ? 

With  the  CompafTes,  take  the  DIftance  from  i  to 
108  on  the  Gunter^  the  fame  Extent  of  the  Com- 
pafles  will  reach  from  215  to  23220,  the  Produdt  re¬ 
quired. 

By  the  Sliding  Rule^  thus  •,  Set  i  on  the  Slider  to 
io8  on  the  Rule,  and  againft  215  on  the  Slider  you 
fhid  2322b  on  the  Rule,  the  Producft  fought. 

9.  When  the  Producft  becomes  fo  large,  it  muft 
be  a  very  large  Line  of  Numbers  indeed  to  (hew  it 
near  the  Truth  ;  the  Ufe  of  thefe  Lines  being  prin¬ 
cipally  where  the  Numbers  are  fmall ;  or  where  great 
Exadlnefs  is  not  required.  They  who  underftand 
the  foregoing  Dodlrlne  of  Logarithms  cSn  never  be 
at  any  lofs  to  know  how  many  Places  of  Figures  are 
contained  in  the  Number  fought,  in  this,  or  any  of 
the  following  Rules. 

10.  Division. 

Exampil.  What  is  the  Quotient  of  63  divided  by  9?  ' 

Firft,  by  Logarithms. 

X 


From 
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From  the  Logarithm  of  .  .  .  63=1.799346 

Subdud  the  Logarithm  of .  . .  9=0.954242 

TheDifF.  is  the  Log.  of  theQuot.  =7=0.845098 

11.  Secondly',  by  the  Logarithmic  Scale. 

From  Gd=i799  the  Logarithm  of  dm=63,  take 
Gb=954  the  Logarithm  of  bh=9  ^  and  there  will 
remain  G  a=845,  the  Logarithm  of  a  g=7,  the 
Quotient  fought. 

12.  Thirdly,  by  Gunter'*^  Line  and  Compafles. 

Set  one  Foot  of  the  Compafles  in  i,  and  extend 
the  other  to  9,  and  then  with  that  Extent  of  tho 
Compares  fet  one  Foot  in  63,  the  other  will  fall  (to¬ 
wards  the  beginning  of  the  Line)  on  7,  the  Quotient 
fought. 

13.  Fourthly,  by  the  Sliding-Rule. 

Becaufe  9  :  63  ::  i :  the  Quotient  ;  therefore  fet  9 
on  the  Slider  to  63  on  the  Rule,  and  then  againft  i 
on  the  Slider  is  7  on  the  Rule,  which  is  the  (^otient 
fought. 

14.  Examp.  II.  What  is  486  divided  by  18  ? 

By  the  Gunter  and  Compafles, 

Extend  the  Compafles  from  i  to  18,  that  Extent 
will  reach  from  486  (downward)  1027,  the  Quotient 
required. 

By  the  Sliding-Rule. 

Set  18  on  the  Slider  to  486  on  the  Rule,  then  a* 
gainfl:  i  on  the  Slider  you  find  27  on  the  Rule,  the 
Quotient  fought. 

All  other  Operations  of  Divifion  being  performed 
in  the  very  fame  manner,  ’tis  needlefs  to  add  any 
more  Examples  pf  this  kind. 
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1  15.  Involution. 

1  Examp.  I.  V/hat  is  the  Square  of  9  ? 

I  Firft,  by  Logarithms. 

1  The  Logarithm  of ..  .  9=0.95424® 

I  Multiply  by  the  Index  ...  2 

I  ,  j- 

1  The  Prod,  is  the  Log.  of  the  Square  =81=1,908484 


16.  Secondly,  by  the  Logarithmic  Scale. 

Let  the  Logarithms  begin  from  G  in  the  Line 
A  e.,  as  before  ;  then  with  the  Compafies  take  the 
Diftance  gb=954  the  Logarithm  ofbh=9;  and 
with  one  Foot  remaining  in  b,  turn  the  CompafTes, 
the  other  Foot  will  fall  on  n  ;  then  fhall  G  n= 
!  (2Gb,=)i9o8  the  Logarithm  of  n  0=81,  which 
[.therefore  is  the  fquare Number  fought. 


j  17.  Thirdly,  by  the  and  Compafles. 

:  Set  one  Foot  in  i,  and  extend  the  other  to  9,  where 

\  keep  it  fix’d,  and  turn  the  CompafTes,  the  other 
j  Foot  will  fall  on  81,  the  Square  fought. 

[  l8.  Fourthly,  by  the  Slidjng-Rule. 

Becaufe  i  :  9 ::  9 :  tlie  Square  required,  thepforc 
fet  I  on  the  Slider  to  9  on  the  Rule,  then  againfl:  9 
i  tDnthe  Slider  is  81  on  the  Rule  5  which  is  tht  fqua're 
Number  fought. 

ij  19.  Examp.  II.  What  is  the  Cube  of  9  ? 


By  the  Gunter  and  CompafTes. 

j  Extend  the  CompafTes  from  i  to  9,  that  Extent 
I  vdll  reach  from  9  to  81,  and  again  from  81  to  729, 
I  the  Cube  Number  required. 
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By  the  Sliding- Rule. . 

Set  I  on  the  Slider  to  9  on  the  Rule,  then  againft 
9  on  the  Slider  is  8 1  on  the  Rule,  and  againft  8 1  ori 
the  Slider  (remaining  unmoved)  is  729  on  the  Rule^ 
the  Cube  Nuniber  required. 

i 

20.  Examp.  III.  What  is  the  Square  and  Cube  of 
the  Number  37  ? 

i 

By  the  Gunter  and  Compaffes. 

Extend  the  Compaftes  from  i  to  37,  that  Extent 
'Will  reach  from  37  to  1369  the  Bquare‘\  and  the  fame 
Extent  will  reach  frorri  1369  to  50653  the  Cube 
both  as  required. 

By  the  Sliding-Rule. 

Set  I  on  the  Slider  to  37  on  the  Rule,  then  againft 
37  on  the  Slider  is  1369  on  the  Rule,  which  is 
Square  \  and  againft  1369  on  the  Slider  (remaining 
unmov’d)  is  50653  on  the  Rule,  which  is  Cube  of 
37  3  both  as  before. 


21.  Extraction  of  Roots. 

Examp.  I.  What  is  the  Square  Root  of  81  ? 


Firft,  by  Logarithms. 

The  Logarithm  of .  .  .  .  81=1.908484 

which  divide  bv  the  Index  ....  2 


The  Quotient  is  the  Log. 
.  of  the  Square  Root 


=9^0.954242 


22.  Secondly,  by  the  Logarithmic  Scale. 

Bifed  Gn=i9o8  the  Logarithm  of  no=8i,  in  b  j 
then  fhall  Gb=954  be  the  Logarithm  of  the  Square 
Root^  viz.  bh=9,  the  Number  fought, 

f  .1*  .  • 
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23.  Thirdly,  by  the  Gunter  and  Compafles. 

Take  with  the  Compaffes  the  Diftance  between  i 
and  81,  and  bifed:  it,  then  take  one  Half  in  the 
CompafTes,  and  it  will  reach  from  i  to  9,  the  fquars 
fought. 

24.  Fourthly,  by  the  Sliding-Rule, 

Move  the  Slider  forwards  and  backwards  till  .you 
make  the  fame  Number  on  the  Rule  anfwer  i  on  the 
Slider,  as  on  the  Slider  anfwers  81  on  the  Rule ; 
which  Number  will  be  thQ  fqu are  Root  fought,^  and 
in  the  prefent  Cafe  will  be  found  9. 

25.  Examp.  II.  What  is  the  Cube  Root  of  50653  ? 

Divide  the  DiHance  between  i  and  50653  into  3 
equal  Parts  ;  the  firft  Divifion  will  fall  on  37,  the 
Cube  Root  required. 

Note^  In  the  double  Line  of  Numbers,  if  the 
grand  Diyihons  be  efteem’d  Units  in  the  firft  Radius, 
thofe  in  the  fecond  Radius  will  be  Tens  ;  if  thofe  in 
the  firft  be  Tens^  viz.  10,  20,  30,  thofe  of  the 
fecond  will  h^Thoufands^  as  looo,  2000,  3000,  fffr. 
with  regard  to  fquare  Numbers :  and  confequently  in 
Extrabfion  *,  if  the  Number  whofe  fquare  Root  is 
fought  be  lefs  than  100,  yet  greater  than  10,  the 
Number  it  felf  will  be  found  on  the  fecond  Radius  •y 
and  its  Root  a  Number  of  Units  on  tht  firft  Radius, 
But  if  the  Square'  be  lefs  than  10,  both  it  felf  and 
Root  will  be  found  in  the  firft  Radius.  Again,  if 

be  between  1000  and  10000,  the 
Number  it  felf  will  be  found  on  the  fecond  Radius^ 
and  its  Root  a'Number  of  Tens  on  the  firft  Radius. 
But  if  it  be  between  100  and  1000,  both  the  Num¬ 
ber  and  its  Root  of  Tens  will  be  found  on  the  firft 
Radius.  After  the  fame  manner  you  may  reafon 
pncerning  the  Cube  Number  and  its  Root^ 


26, 
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26.  Since  the  Logarithm  of  the  Square  is  double 
the  Logarithm  of  the  Root ;  and  the  Logarithm  of 
the  Cube  triple  the  Logarithm  of  the  Root :  therefore 
if  a  Line  of  Numbers  of  a  Jingle  Radius^  be  equal  to 
another  of  a  double  Radius^  and  thefe  two  appofitely 
laid  together,  beginning  from  the  fame  Point ;  then 
againft  any  Number  on  the  fingle  Radius^  you  fee  its 
correfpondent  Square  on  the  double  Radius  j  and  fuch 
Lines  you  have  on  fome  Sliding-Rules. 

Alfo  if  a  Line  of fingle  Radius  were  made  equal  to 
another  of  a  triple  Radius^  and  thefe  exadlly  and 
properly  placed  together,  then  the  Numbers  on  the 
latter  would  be  the  Cubes  of  thofe  on  the  former; 
and  fo  the  Square  and  Cube  Roots  of  any  Number  ; 
and  vice  verfd^  would  be  difcoverable  by  Infpedlion. 

27.  Moreover  by  means  of  a  fingle  and  double  Line 
of  umbers  made  to  flide  by  each  oth^r,  ’tis  very 
eafy  to  find  a  mean  Proportional  between  any  two 
given  Numbers  ;  as  fuppofe  13  and  23.  Thus*,  fet 
1 3  on  the  double  Line  to  1 3  on  the  fingle  one.^  then 
againft  23  on  the  double  Line  is  17,35  on  the  fingle 
one.,  which  is  the  Mean  required  between  13  and  23. 
Or  if  you  fet  23  to  23,  then  againft  13  on  the  double 
you  find  I7^  35  on  the  fingle  Line^  the  Mean  required 
^  before. 

28.  In  like  manner,  by  means  of  a fingle  and  a  triple 
Line  of  Numbers,  tvoo  mean  Proportionals  may  be 
eafily  found  between  any  two  Numbers,  as  2  and 
54  *,  thus  ;  fet  2  on  one  Line  to  2  on  the  other,  then 
againft  54  on  the  triple  Line  is  6  on  the  fingle  one, 
which  is  the  firjl  Mean ;  then  fet  2  on  the  triple 
Line  to  6  on  the  Jingle  one.,  and  againft  54  is  18,  the 
fecond Mean,  on  the  fingle  Line  ;  fo  the  four  Num¬ 
bers  are  2  6  ::  t8  :  54.  And  thus  you  may  find 
two  Means  between  any  other  two  Numbers,  v/hich 
in  many  Cafes  i^  a  moft  ufeful  Problem. 

29.  In  the  foregoing  Qperations  I  have  made  pp 
mention  of  Decimals^  becaufe  they  are  to  be.  refpeded 
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as  Whole  Numbers  in  the  Management  of  them  by 
Infirumental  Operations^  in  the  fame  manner  as  they 
were  by  ^Numerical  Logarithms ;  the  Number  of  de¬ 
cimal  Places  In  any  FroduEi^  ^lotient^  Power ^  Root,' 
&c.  being  always  determined  here,  as  In  all  other 
Methods  of  working  them,  by  the  Rules  proper  to 
Decimal  Arithmetic. 

30.  Thus  it  appears  what  Similarity Coherence^ 
and  mutual  Relation  there  is  between  the  foregoing 
Methods  of  folving  Arithmetical  ^ejlions  by  Loga¬ 
rithms,  both  Numerical  and  Injirumental ;  and  that 
they  are  all  one  in  Nature,  and  differ  only  in  the 
Modus  operandi^  or  Manner  and  Form  of  working. 
By  this  Chapter,  I  prefume,  ’twill  be  eafy  for  the 
Learner  to  obferve  how  any  common  Queftlon  in 
Arithmetic.^  or  the  Menfuration  of  Artificers  Work^ 
as  Joinery Mafionry.,  Carpentry Painting.^  timber- 
Meafure.,  Gauging.^  Sec.  may  be  moft  readily  per¬ 
formed  by  the  7Ane  of  Numbers.,  with  CompafTes,  oi: 
by  the  Sliding- Rule.,  which  is  much  the  befl  Way. 


CHAP.  X. 

Bheweth  the  Analogies  or  Proportions  for 
Solution  of  all  Cases  o/'Plain  and 
Spherical  Triangles,  both  Right  and  Ob¬ 
lique  angled. 

I.  T  F  any  defire  to  be  throughly  infl:ru61ed  in  the 
X  Lheory  of  Plain  and  Spherical  trigonometry,  I 
muft  refer  them  to  my  Toung  trigonometePs  Guide  v 
fince  all  I  intend  here  is  only  to  fhew  the  great  and 
mojl  e:icellent  Ufe  of  Logarithms  in  the  practical  Re- 
folutio;i  of  Plain  and  Spherical  triangles.  A  Sy- 

nopfis 

I 
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iiopfis  of  all  the  Cafes  of  a  Right-angled  plain  Tn= 
angle  here  follows.  '  v 
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2.  A  Synopfis  of  the  Analogks  for  the  Solution  of 
all  the  Cafes  of  Oblique-angled  plain  Triangles. 


-Z 


\^o  Solution  of  Plain 

3 .  A  Synopfis  of  the  Canons,  and  the  Analogies  (form’d  from  them 
for  the  Solution  of  all  the  Cafes  of  Right-angled  Spherical  Triangles. 
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8 1  A  Synopfis  of  Canons  and  Analogies  for  the  Solution  of  all  the  Cafes  of 
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5.  Being  thus  furnifhed  with  Proportions,  we 
fnall  foon  fee  with  what  incomparable  Pleafure  and 
Eafe  the  feveral  Cafes  of  Triangles  before  going  are 
refolved  by  the  Canon  of  Logarithmical  Sines^  "Pan- 
gcnts^  and  decants  \  and  alfo  by  the  hine  of  iN umbers^ 
both  with  the  Compajfes  and  by  the  Sliding- Rule  ;  I 
fay,  we  fhall  fee  in  the  two  next  Chapters,  with 
how  much  more  Eafe  and  Pleafure  they  are  re? 
folved  by  thefe  two  Methods^  above  what  is  attain¬ 
able  by  any  other  Way  yet  invented  for  this  Pur- 
pofe. 


CHAP,, 
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CHAP.  XI. 

72?^  Solution  <^Plain  Triangles  by  the 
Canon  Logarithmical  Sines  and 
Tangents  ;  by  Gunter’s  Scale  and 
Compasses  j  and  by  the  Sliding  Rule. 

1.  T  Have  already  defcribed  and  taught  the  Ufe  of 
X  the  Logarithmic  Canon,  fo  far  as  to  find  the 

Logarithms  of  any  Number^  Sine^  *Tangent^  or  Secant 
propofed.  ^  I  fhall  therefore  here  only  obferve,  that 
what  I  call  Gunterh  Scale  is  fuch  a  Plane  Scale  as  hath 
upon  it  Gunter^s  Line  of  Numbers^  and  of  Artificial 
Sines  and  Langents  ;  whofe  Nature,  Conftrudion, 
and  Defign,  have  been  before  difcourfed  of  in  the 
Theory.  The  Sliding-Rule  has  the  fame  Lines, 
which  are  contrived  to  Aide  by  one  another  as  you 
pleafe  *,  and  to  avoid  Repetitions,  I  fhali  call  the 
Line  of  Numbers  on  the  Rule  it  felf,  A  ;  and  that 
on  the  Slider,  B  alfo  I  fhall  call  the  Lines  of  Sines 
and  Tangents  on  the  Rule  Sr,  Tr  ;  and  thofe  on  the 
Slider  Ss,  and  Ts.  You  mufi:  know  alfo  that  the 
End  of  each  Line  marked  lo,  90,  45,  is  here  called 
Radius.  Having  premifed  thefe  things,  we  proceed 
immediately  .to  the  Solution  of 

2.  Right-angled  Plain  triangles, 

pafe  L  In  the  Right-angled  Triangle  ABC,  there  i$ 
given  the  Safe  ABZZ285,  Angle  at 

Bafe  B— 32*^  48^  ;  to  find  the  Perpendicular 
AC,  and  the  Hypothenufe  BC.  The  Hy- 
poth.  Radius,  Fig.  I. 

The  Analogy  for  AC  is,  sC ;  AB ::  sB  :  AC. 

In 
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In  Words  ^ 

As  the  Sine  of  the  Angle  i2'r=9. 924572 

is  to  the  given  Side  or  Bafe  AB— 285=1:2.454845  1  ,  , 
So  is  the  Sine  ofthe  Ang.  B— 3  2*^  48^—9.733765  i 

12.188610 


To  the  Perpendicular  AC=i  83,67—2.264038 

The  Analogy  for  BC  is,  sB  :  AC  ::  R :  BC. 

In  Words  ; 

Asthe  Sine  of  .  .  .  B=z32^  48'=:9. 733765 

is  to  the  Perpendicular  A Cz=i 83,67=^2.264038 
So  is  Radius  ....  90^  00^=10.000000 

to  the  Hypothenufe.  .  .  60=339,06=2.530273 

3,  By  Scale  and  Compajfes,  Po  find  AC. 

Set  one  Foot  of  the  CompafTes  to  32^  48^=6,  in 
Line  of  Sines,  and  extend  the  other  upwards  to 
57®  i2^=C  ;  the  fame  Extent  v/ill  reach  from  285 
==AB  downwards  in  the  Line  of  Numbers  to  183,67 
=AC5  the  Perpendicular  fought. 

To  find  BC. 

Extend  the  Compaffes  from  32^  48^=6  to  Radius 
90°  in  the  Line  of  Sines  ;  the  fame  Extent  will  reach 
(in  the  Line  of  Numbers)  from  i83,67=AC,  to 
339,o6=BC,  the  Elypothenufe  fought. 

4.  By  the  Sliding- Rule .  Po  find  AC. 

Make  the  Line  of  Numbers  Aide  by  the  Line  of 
Numbers,  then  will  the  Lines  of  Sines  Aide  by  each 
other,  and  alfo  the  Line  of  Tangents  by  the  Line  of 
Tangents.  Having  thus  prepared  the  Rule ;  fet 

5f 
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57°  12’  on  Ss  to  32°  48'  on  Sr  ;  then  againfl:  285 
on  B  is  183,67  on  A,  the  Perpendicular  fought. 

To  find  BC. 

Set  32°  48' on  Ss  to  Radius  90°  on  Sr,  then  a- 
gainfi:  183,67  on  B  is  339,06  on  which  is  the 
Hypothenufe  required. 

5,  Cafe  II.  Given  the  Angles  6—32°  48',  and 
C=57°  12',  and  the  Side  ACz=i83,67  ;  to 
find  AB,  and  BC. 

The  Bafe  made  Radius.  Fig.  IL 

As  the  Tangent  ofthe  Ang.  Bzz=32°  48'=9. 809193 
is  to  the  Side  ....  AC=i  83,67=2.264038 
So  is  Radius  ....  90°  00'=  10.000000 

to  the  Side  or  Bafe  .  .  .  AB=285=2.454845 

To  find  BC. 

As  Radius  ....  90°  oo'=io. 

is  to  the  Side  ....  AB=285z=r  2.454845 

So  is  theSecantof  the  AngleB=:32°  48^=10.075428 

to  the  Side  or  Hypoth.  BC=339,o6=  2.530273 

JSlote^  I  have  wrought  this  laft  in  Secants  for  Variety 
fake,  and  that  the  Reader  may  fee  the  Conclu- 
fionsare  the  fame  every  Way.  But  this  Cafe  is 
much  better  refolved  by  making  BC  Radius,  as 
in  Fig.  I. 

6.  By  the  Plane  Scale  and  CompaJJes, 

As  there  is  no  Line  of  Artificial  Secants  on  the 
Scale  or  Sliding-Rule  (as  being  ufelefs)  fo  this  Cafe 
will  bebefi:  performed  Inftrumentally  by  the  Analogies 
of  Fig,  I.  where  BC  is  made  Radius. 

Therefore 
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Therefore,  extend  the  CompafTes  from  32^  48'  to 
57°  12'  in  the  Line  of  Sines,  the  fame  Extent  will 
reach  from  183,76  to  285  in  the  Line  of  Numbers  5 
thus  2  85z=AB,  the  Side  required. 

Or  thus,  By  the  firft  Analogy  of  this  Cafe  of 
Fig.  II.  extend  the  CompafTes  from  32^  48'  to  Ra¬ 
dius  45  in  the  Line  of  Tangents,  the  fame  will  reach 
from  183,67  to  285  =AB  (as  before)  in  the  Line  of 
Numbers. 

To  find  BC. 

Extend  the  CompafTes  from  32^  48'  to  Radius  90 
in  the  Line  of  Sines,  the  fame  will  reach  from  183,67 
to  339,o6=BC  ;  in  the  Line  of  Numbers. 

7.  By  the  Sliding^Rule. 

To  find  AB. 

Set  32^  48'  on  TvS  to  Radius  45°  on  Tr  ;  then  a- 
gainft  183,67  on  B  is  2  85=AB,  on  A. 

To  find  BC. 

Set  32^  48'  on  Ss  to  Radius  90^  on  Sr  ;  then  a- 
gainfi:  183,67  on  B  is  339,o6=BC,  on  A. 

Cafe  III.  Given  the  Angles  6=32^  48'  and  C= 

and  the  Hypothenufe  BC=:  339^06-, 
to  find  the  Sides  AB  and  AC. 

The  Hypothenufe  made  Radius.  Fig.  I, 

As  Radius  ....  90^  oo^=io. 

is  to  the  Hypothenufe  BC=339, 06=2. 53027^ 
So  is  the  Sine  of  the  Angle  C=57°  12^=9.924572 

To  the  Side  or  Bafe  ....  AB=2 85=2.454845 

I  ■  I  I 

And  fois  theSineof  the  Ang.  B=32*^  48^:11:9.733765 
$ 

to  the  Side  ....  AC=:i 83,67=2.264038  , 

Or 
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Or  thus ;  AB  made  Radius,  Fig.  II.  To  find  AC. 

As  Radius  ....  90°  00=10. 

is  to  the  Side  ....  AB=2  8 5=2 .454845 

So  is  the  Tangent  of . .  .  .  ,B=32°  48^=9.809193 

to  the  Side  ....  AC=i83567=2.264038 

.9.  By  the  Scale  and  Compares, 

Extend  the  Compafles  from  Radius  90  to  57^  12' 
t  in  the  Line  of  Sines,  the  fame  Extent  will  reach  from 
■  339')^^  to  285=AB,  in  the  Line  of  Numbers. 

And  then  again,  extend  them  from  90  to  32°  48^ 
1  in  the  Line  of  Sines,  the  fame  will  reach  from  339,06 
<to  i83,67=AC,  in  the  Line  of  Numbers, 

:  10.  By  the  Sliding- Rule, 

This  Cafe  may  be  folved  by  once  fetting  the  Rule, 
j  thus  i  Make  the  Line  of  Sines  to  Aide  by  the  Line 
"of  Numbers:  Then  fet  Radius  90  on  Ss  to  339,06 
con  A  ;  thus  againfl:  57°  12'  on  Ss  you  fee  285=AB, 
jandagainft  32^  48'  is  i83,67=AC,  on  A.  Such  is 
I!  the  great  Conveniency  of  this  fmall  Inftrument. 

ill.  Cafe  IV.  Given  the  two  Sides,  AB=285  and 
AC=i83,67  y  to  find  the  Side  BC,  and  the 
Angles  B  and  C. 

The  Bafe  made  Radius,  Fig.  II.  To  find  B. 

!.'  As  the  Side  ....  '  AB=285=2  .454845 

ill  is  to  Radius .  10. 

i'  So  is  the  Side .  AC=i^3, 67=2. 264038 

'  To  the  Tangent  of  the  Angle  6=32^  48^=9.809193 

1  Or  thus,  making  AC  Radius,  Fig,  III.  To  find  C. 

A  a  As 
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As  the  Side .  AC=:i83,67=:r2.2  64038 

is  to  Radius .  ,  10. 

So  is  the  Side .  ABi=2 8 5^2. 454845 


To  the  Tang,  of  the  Angle  C=57^48'=:io.  190707 


12.  To  find  the  Side  BC. 

This  may  be  done  diredlly  with  the  Secants,  or  by 
finding  the  Angles  firft,  with  the  Sines  ;  as  is  mani- 
fefl:  from  the  Synopfis.  But  fince  if  the  required  Side 
BC  be  made  Radius,  it  can’t  be  found  by  the  com¬ 
mon  Analogies  of  ’Trigonometry  *,  I  have  given  an 
Equation  formed  on  the  Principles  of  Geometry  for 

that  purpofe,  ABq~j-ACq=BC  j  which  I 

fhall  refolve  by  Logarithms,  as  follows. 


The  Log.  of  the  Side  .  .  .  AB— 285=1:2.454845 
the  Double’  thereof  j 
is  the  Log,  of  5  '  *  ‘ 


ABq— 8 1 225=14.909690 


Alfo  the  Log.  of  the  Side  ACi=:i  83,67=12.264038 

The  Double  of  which  7  a/-  o 

is  the  Log.  of  I  ACq=33734,66=4.528076 

Add^the  Square . ABq=:8i225 

^  fh^sfm°^}  ABq4-ACq=i  14959.66=5.060546 


Half  which  is  the  Log.  of 

yABq+ACq=BC=339, 06=2.530273 
the  Side  required. 

13.  By  Scale  and  Compajfes,  To  find  the  Ang.  B. 

Extend  the  CompafTes  from  285  to  183,67  in  theii 
Line  of  Numbers,  the  fame  will  reach  from  Radius  1 
45^  to  32^^  48',  in  the  Line  of  Tangents,  the  Angle: 
B  required. 


i 
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By  the  Sliding’ Rule , 

Set  285  on  A  to  183,67  on  B,  then  againil  Radius 
.  45°  on  Tr  is  32^  48^^:=  the  Angle  B,  on  Ts. 

Having  tiii's  found  the  Angles,  the  Side  BC  is 
found  as  in  the  foregoing  Cafes. 

14.  Cafe  V.  Given  the  Hypothenufe  BC~339,o6 
and  the  Side  AB:=2  85  ;  to  hnd  the  Angles 
B  and  C,  and  the  Side  AC. 

To  find  the  Angle  C.  Fig.  I.  BC  Radius. 

As  the  Side .  BC=3395o6~2.530273 

is  to  Radius .  10. 

So  is  the  Side .  ABzrz 85=2. 454845 

To  the  Sine  of  the  Angle  C=:57°  12'— 9.924572 

To  find  the  Side  AC. 

As  Radius .  10. 

is  to  the  Side  ....  BC=339, 06=2. 530273 

So  is  the  Sine  of  the  Angle  6=32°  48'=:9. 733765 

to  the  Side .  ACzzii 83,67=2.264038 

INotCy  The  Side  AC  may  be  found  Geometric  ally ^ 
as  taught  in  Art.  12.  the  Equation  being 

-/BCq— ABq—AC. 

♦ 

1 15.  By  Scale  and  Compares,  To  find  the  Angle  C. 

I  Extend  the  Compafles  from  339,06  to  285  in  the 
|Eine  of  Numbers,  the  fame  will  reach  from  Radius 
^90^  to  57^  i2'=:C,  in  the  Line  of  Sines. 

By  the  Sliding- Rule. 

Set  339,06  on  A  to  285  on  B,  then  againfl:  Radius 
90^  on  Sr  is  57^  i2''s=;C,  on  Ss. 

A  a  2  The 
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The  Angles  being  thus  found,  the  Side  AC  may 
be  found  by  Scale  or  Sliding- Rule ^  as  before. 

1 6.  Cafe  VI.  Given  the  Side  AC=  183,67  and  BC 

=339,06  i  to  find  the  Angles  B,  C,  and  the 
Side  AB. 

As  this  Cafe  is,  in  the  Nature  of  it,  the  fame  as 
the  laft,  fo  the  Solution  is  in  all  refpeds  the  fame,  and 
needs  not  be  repeated. 

17.  Of  Oblique-angled  Plain  triangles. 

Cafe  1.  There  is  given  the  Angles  C=82^  30', 
B=6o°  00'  5  and  the  Side  AB;z=365*,  to 
find  the  other  two  Sides  AC  and  BC. 

Note^  The  firfi:  Triangle  in  the  Synopfis  of  Oblique 
Plain  Triangles  is  that  which  1  have  regard  to 
here,  and  is  acute-angled ;  the  Difference  be¬ 
tween  this  and  the  obtufe-angled  one.  Fig.  II, 
will  be  taken  notice  of  as  I  go  along. 

To  find  the  Side  AC.  Fig.  I.  Co.  Ar. 

As  the  Sine  of  the  Angle  0=82°  3o'=:o.oo3732 

is  to  the  Side .  AB=365°=2.562  293 

So  is  the  Sine  of  the  Angle  B=6o°  oo'=9.93753i 

to  the  Side  fought  ....  AC=3 18,82=2.503556 

To  find  the  Side  BC.  Co.  Ar. 

As  the  Sine  of  the  Angle  C==82°  3o'=o. 003732 

is  to  the  Side .  AB=365=2. 562293 

So  is  the  Sine  of  the  Angle  A=37°  3o'=9. 784447 


to  the  Side  required  ....  BC;=;224,i  1=2.350472 
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18.  By  the  Scale  and  Compajfes.  To  find  AC. 

Extend  the  Compafles  from  82°  30^  to  60^  in  the 
Li^e  of  Sines,  and  the  fame  Extent  will  reach  from 
365  to  318,82  in  the  Line  of  Numbers ;  therefore 
3 1 8, 8  2= AC. 

To  find  BC. 

Extend  the  Compafles  from  82^  30'  to  37^  3oTti 
the  Line  of  Sines,  the  fame  will  reach  from  365  to 
2  24, 1 1  =BC,  in  the  Line  of  Numbers. 

19.  By  the  Sliding-Rule, 

To  find  AC. 

Set  82^  30'  on  Sr  to  60^  00'  on  Ss  ;  then  againfl: 
365  on  A,  you  have  3 1 8, 82= AC,  on  B. 

To  find  BC, 

Set  82'’  30'  on  Sr  to  37°  on  Ss  ;  then  againfl 
365  on  A,  you  have  224,1  i=BC,  on  B. 

But  fince  all  the  Angles  are  known,  both  the  un¬ 
known  Sides  are  found  at  once  fetting  the  Rule  thus  ; 

Let  the  Line  of  Numbers  Aide  by  the  Line  of  Sines ; 
and  fet  182°  30'  on  Sr  to  365  on  B,  then  againfl: 
60°  00'  is  3i8,82=AC  j  and  againfl:  37^  30'  is 
224, 1 1  =BC,  on  the  Line  of  N umbers. 

20.  Cafe  II.  Given  two  Sides,  AC=3 18,82  and 

BC=2  24,11;  and  the  oppofite  Angle  A=: 
37^  30' ;  to  find  the  Angle  B,  and  the  other 
Side  AB. 

To  find  the  Angle  B.  Co.  Ar. 
As  the  Side  ......  BC=:224,i  i=,7.649528 

is  to  the  Sine  of  the  Angle  A=37°  3o'=9.784447 
So  is  the  Side  .....  *  AC=3i8,82=2. 503556 

to  the  Sine  of  the  Angle  .  .  00^=9.937531 

The 
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The  Angles  being  thus  known,  the  Side  AB  is 
found  as  v/ere  the  Sides  AC  and  BC  in  the  foregoing 
Cafe. 


21.  By  the  Scale  and  Compajfes, 

To  find  the  Angle  B. 

Extend  the  CompafTes  from  224,11  to  318,82  in 
the  Line  of  Numbers,  the  fame  Extent  will  reach 
from  37°  30^  to  60°  oo^=By  on  the  Line  of  Sines. 

By  the  Sliding-Rule. 

Set  224,11  on  A  to  318,82  on  B,  then  againft 
37^  30-  on  Sr  is  60°  00'  =B,  the  Angle  fought, 
on  Ss. 

Note^  In  this  Cafe  of  the  Obtufe-angled  Triangle, 
Fig.  II.  ’tis  obvious  the  Angle  here  found  is  the 
Outward  Angle  CBG,  whofe  Complement  there¬ 
fore  to  180  Degrees  is  equal  to  the  internal  ob- 
tufe  Angle  ABCzz:i20^  00'. 

22.  Cafe  III.  Given  two  Sides  AC  =  318,82  and 

BC  224,11  ;  and  the  included  Angle  C  = 
82^  30'  •,  to  find  the  Angles  A,  B,  and  the 
Side  AB. 

To  find  the  Angles  A  and  B. 

The  Sum  of  the  given  Sides  is  AC4-BC=542,93  ; 
their  Difference  is  AC^ — BC=94,7i  ;  the  Sum  of 
the  unknown  Angles  A4-B=97^  30'  j  therefore 

the  half  Sum  is  =  48°  45'  5  whence  by  the  A- 

nalogy  in  the  Synopfis,  fay  ; 
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Co.  Ar. 

•  •  AC+BC=5t,,93=.7.-65»56 

is  totheir  DifFerence  AC — BCz=:  94,71=  1.976396 
So  is  the  Tangent  ofi  .  ^ 

the  halt  Sum  of  the  >  — ^  =48°  45'=! 0,0570 
unknown  Angles  j 


to  the  Tangent  of  half  1  A--B  j  jO 
their  Difference  3 


1 5'=:9. 298664 


Then  to  the  half  Sum  of  the  Angles  48^  45' 
add  the  half  Difference  ....  ii^  15' 


The  Sum  is  the  greater  Angle  Bz=:6o°  00' 


But  theDiff.  is  the  leffer  Ang.  A=37°  30' 


23.  By  Scale  and  Compajfes, 

To  find  the  Half  Difference  of  the  Angles 

£ 

Having  prepared  the  Work  as  above,  proceed  thus  ; 

Extend  the  Compaffes  from  the  Sum  of  the  Sides 
542,93  to  their  Difference  94,71  on  the  Line  of 
Numbers  *,  with  this  Extent  fet  one  Foot  of  the  Com¬ 
paffes  in  Radius  45*^,  and  pitch  the  other  downwards 
in  the  Line  of  Tangents,  where  fix  it  while  you  bring 
the  other  Foot  from  45*^  to  48°  45';  then  with  this 
Extent  apply  one  Foot  in  45°,  the  other  will  reach 
to  1 I  the  half  Difference  of  the  Angles  A  and 
B ;  which  therefore  may  be  found  as  before. 

Or  if  you  have  a  Line  of  Tangents  continued  be¬ 
yond  45^,  then  the  Extent  from  94,71  to  542,93  in 
the  Line  of  Numbers  will  reach  from  48^  45^  to 
J  i5Hn  the  Tangent  Line. 


I 
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24,  By  the  Sliding-Rule. 

Set  542.93  on  A  to  94>7i  on  B ;  then  agalnft  45^ 
on  Tr  obferve  the  Degree  and  Minute  on  Ts,  and 
bring  that  Point  to  48^  45^  on  Tr  *,  then  againft  45° 
on  Tr  you  have  ii^  15^  on  Ts,  which  is  the  half 
Difference  as  before,  of  the  two  enquired  Angles 
A  and  B. 

Or  thus,  if  the  Line  of  Tangents  be  continued  on 
the  Slider  beyond  45^  ;  fet  542,93  on  A  to  48^  45^ 
onTs,  then  againft  94,71  on  A  is  11°  15^  on  Ts. 

Having  therefore  the  Half  Sum^  and  Half  Diffe¬ 
rence  of  thofe  Angles,  they  are  found  as  in  Art.  22. 
and  then  the  Side  AB  will  be  found  to  be  365  as  in 
Cafe  1.  hereof, 

25.  Cafe  IV.  Given  all  three  Sides  AB=:365,  AC— 

318,82,  and  CB=224,ii,  to  find  the 
Angles. 

In  order  to  this  ’twill  be  neceffary  to  reduce  the 
oblique  Triangle  into  two  Right-angled  ones  ADC, 
and  BDC,  thus  %  Find  the  Sum  of  any  two  Sides 
AC-hCB=s542,93  j  and  their  Difference  AC — CB 
^94,71  ;  efteemlng  the  other  Side  AB  the  Bafe,  the 
Difference  of  whofe  Segments  AD — DB=AG,  is 
firft  of  all  to  be  found  by  this  Proportion,  viz. 

Co.  Ar. 

As  the  Bafe . .  AB=365:=: .7.437707 

AC-f-BC— 542,93=2.734744 

I  AC — 80=94,71=1.976396 


16  to  the  Sum  of ) 
the  two  Sides  3 
$0  the  Diff.  of  the 
two  Sides 


to  the  Diff.  of  ? 
the  Segments  i 


AD — DB=AG=i4i=2.i48847 


Therefore 
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Therefore  AB — AG=2  24==GB:=:2BD  ;  there- 
li  fore  BD=ii2,  and  ADz=253  ^  and  fo  the  whole 
]  Triangle  ACB  is  reduced  to  two  Right-angled  ones  , 
i  ADC  and  BDC,  in  each  of  which  there  is  two  Sides 
!i  given  AD  and  AC,  DB  and  BC  ;  by  which  means 
i  the  Angles  ACD  and  DCB  may  be  found,  which 
I  together  are  equal  to  the  Angle  ACB  ;  and  this  be- 
1  ing  known,  the  other  two  are  found  with  Eafe  by 
I  Cafel.  And  thus  the  whole  oblique  Triangle  is  re- 
i  folved. 

Note^  When  the  Perpendicular  falls  without,  as  in  the 
obtufe-angled  Triangle  ABC,  Fig.  II.  then  it 
will  be  the  Sum  of  the  Segments  AD-f-DB—^ 
i  AG’;  and  the  Difference  of  the  Angies  ACD — 
BCD=ACB,  the  Angle  required. 

26.  And  fince  the  feveral  Problems  of 
\j  whether  in  the  Plain^  Mercator* Middle  Latituda^ 
d  Oblique^  or  ‘iraverfe  Sailing  ;  as  alfo  of  meafuring 
]  Heights  and  Hiftances^  accejJiUe  and  inacceffible  ;  of 
-j  Fortification^  Gunnery^  and  divers  Parts  of  Afironomy^ 
ij  &c.  are  all  refolved  by  the  Dobirine  of  Plain  Trigo- 
1]  nor/ietry^  as  in  the  Method  before-going  ;  it  mud  be 
I  very  eafy  for  any  who  underftands  the  Solution  of 
^  Plain  Triangles,  to  apply  it  to  any  praftical  Cafes 


that  may  occur  in  any  of  the  aforefaid  Arts,  with¬ 
out  any  farther  Inftru6lions  or  Examples.  Yetthoie 


/  who  would  fee  the  Fheory  of  Plain  trigonometry^  and 
:  Its  Application^  in  the  largeft  Extent,  may  find  it  in 
i  the  firfl:  Vol.  of  my  Young  trigonometep s  Guide. 
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CHAP.  XII.  . 

716^ Solution  c?/Spherical Triangles  by 
Logarithms,  by  Gunter’^  Scale,  and 
by  the  Rule. 

1.  A  S  in  the  foregoing  Chapter  I  have  exempli- 

fied  the  Refolution  of  Plain  Priangles  both 
by  the'  Canon  of  Logarithms^  and  Logarithmical  In- 
ftruments^  fo  I  fhall  purfue  the  fame  Method  here 
with  refpe^  to  Spherical  Lriangles  of  both  kinds  ; . 
in  each  of  which  there  are  fix  different  Cafes^  which 
in  aJl  their  Varieties  are  fefolvable  according  to  the  .• 
Analogies  affigned  in  the  Synopfis  \  on  which,  and  on  a 
the  Figure  of  the  Triangle  there,  the  Reader  is  de-  > 
fired  to  have  his  eye,  thro’  the  whole  Courfe  of  Ex:  ■ 
amples.  To  begin  then  with 

2.  Right-angled  Spherical  Triangles, 

Cafe  I .  Given  the  Bafe  AB=r:38^  i  f  and  Angle  atl 
Bafe  B— 39°  f  to  find  the  Perpendicular*: 
AC,  the  Hypothenufe  BC,  and  the  AngleC. 

I.  To  find  the  Perpendicular  AC. 

As  Radius .  90°  10.0000001 

is  to  the  Sine  of  the  Side  AB— 38°  15^==  9-^9^757' 
So  is  the  Tang,  of  the  Ang  B=39°  56^=9.92  27871 

to  the  Tang,  of  the  Perp.  AC=27° 

2., 
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2.  To  find  the  Hypothenufe  Bt. 

As  Radius  .......  90®  oo^iz:i 0.000000 

to  the  Co-Sine  of  the  Angle  B—  39^5^'— 9-884677 
So  is  the  Co-T.  of  the  Side  ABiir38^  1^^=10.10^288 

totheCo-T.  of  the  Hypoth.  BC“45^  48^=1:9.988065 

3.  To  find  the  Angle  C. 

As  Radius .  90°  00^=10.000000 

to  the  Co-Sine  of  the  Side  ABz=38^  15^^=9.895045 
So  is  the  Sine  of  the  Angle  B=39^  56^=r9. 807465 

\ 

to  the  Co“Sine  of  the  Angle  C=59°  44^=9.702510 

3.  Bj  Scale  and  Compares, 

I.  To  find  AC. 

Extend  the  Compafies  from  90^  to  39°  56^  in  the 
Line  of  Sines,  that  will  reach  from  38"^  15^  in- the 
Line  of  Tangents  to  27^  2  3^1=  AC,  the  Side  re¬ 
quired. 

2.  To  find  the  Hypoth.  BC. 

Extend  the  Compafies  from  Radius  90^  to  the 
Co-Sine  of  B,  50°  04^  in  the  Line  of  Sines  *,  then 
apply  that  Extent  from  45°  in  the  Line  of  Tangents 
downwards,  where  fix  that  lower  Foot,  and  bring 
the  other  to  51^45^  the  Co-Tangent  of  AB,  this 
laft  Extent  will  reach  from  45^  to  44°  12'  the  Co- 
Tangent  of  BC=::45^  48^,  the  Side  required. 

3.  To  find  the  Angle  C. 

Extend  the  Compa/Tes  from  90°  to  51°  45'  the 
Co- Sine  of  AB,  the  fame  will  reach  from  the  Sine 
^39^  5^'  3^^  16^  the  Co-Sine  of  C=59^  44^ 
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4.  By  the  Sliding- Rule, 

1 .  To  find  AC. 

Set  90^  on  Sr  to  38°  15'  on  Ss ;  then  agamft 
39^  56^  on  Tr  is  27°  2 3^1=  AC,  on  Ts. 

2.  To  find  BC. 

Set  90  on  Sr  to  50^  04'  the  Co- Sine  of  B,  on  Ss  ; 
and  mark  the  Degree  and  Minute  on  Ts  againfi:  45^ 
onTR,  bring  that  Point  to  51^45^  (the  Co-Tangent 
of  AB)  on  Tr,  on  which  againfi:  45^,  you  have 
44^  12'  on  Ts,  the  Co-Tangent  of  BC=45^  4^^^ 
required, 

3.  To  find  the  Angle  C. 

Set  90^  on  Sr  to  the  Co-Sine  of  AB,  51^  45'  on 
Ss  ;  then  againfi:  39°  56  on  Sr  is  30^  16'  on  Ss,  the 
Co-Sine- of  C~59^  44^5  as  required. 


5.  Cafe  11.  Given  the  Perpendicular  A C:zr2  7^  23',  and 
the  oppofite  Angle  6=39°  56^ ;  to  find  the 
Side  AB,the  HypothenufeBC, and  Angle  C. 


To  find  AB. 

• 

As  the  Tangent  of . . Br=r39^  56^— 9.922787 

is  to  the  Tangent  of  .  .  AC~2j''^  23^1—9.714544 
So  is  Radius  ....  90^  00^=10. 


to  the  Sine  of  the  1 
Side  required  3 


AB^380  15-9-791757 


The  Operations  of  this  Cafe  being  only  theConverfe 
of  the  foregoing,  needs  no  further  Examples,  in 
N  umbers. 


6. 
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6.  By  Scale  and  CompaJJes. 

1.  To  find  AB. 

Extend  the  Compafles  from  29^  ^6'  to  27^  23^1 
on  the  Tangents,  the  fame  will  reach  from  90^  on 
the  Sines,  to  38^  i5'=AB. 

2.  To  find  BC. 

Extend  the  Compafies  from  39°  56'  to  27^  23'!. 
on  the  Sines,  the  fame  will  reach  from  90^  to  (the 
Sine  of  BC=)  45^  48',  as  required. 

3.  To  find  the  Angle  C. 

Extend  the  Compafies  from  (the  Co- Sine  of  AC) 
62^  36^1  to  90°,  the  fame  will  reach  from  (the  Co- 
Sine  of  B)  50^  04^  to  59^  44^  the  Sine  of  the  Angle 
C  required. 

7.  By  the  Sliding-  Rule, 

•  I.  To  find  AB. 

Set  39^  56' on  Tr  to  27?  23^1  on  Ts,  then  again  ft 
90°  on  Sr  is  38^  i^'^rAB,  on  Ss. 

2.  To  find  BC. 

Set  39°  56^  on  Sr  to  27^  23'j  on  Ss  ;  then  againft 
90^  on  Sr  is  45^  48^==BC,  on  Ss. 

3.  To  find  the  Angle  C. 

Set  (the  Co-Sine  of  AC)  62°  36^1  on  Sr  to  90^ on 
Ss  ;  then  againft  (the  Co-Sine  of  B)  50^  04'  on  Sr  is 
59^  44^~C,  on  Ss. 

8.  Cafe  in.  Given  the  Hypothenufe  BC  ^45^  48; 

and  an  acute  Angle  B~39°  56',  to  find  the 
Legs  AB,  AC,  and  the  Angle  C. 


I. 
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1.  To  find  AB. 

As  Radius  90^  6o'=^io.oooood 

to  the  Co-Sine  of  .  .  .  6=39^  56^=  9.884677 

So  is  the  Tangent  of ,  .  BC=45^  48'=:io.Oi2i  29 

fought”®' AB=38°i5'=±  9.896806 

2.  To  find  AC. 

As  Radius  .......  96*^  06^=10. 

is  to  the  Sine  of  .  .  .' .  BC=45^  48^—  9.855465 
So  is  the  Sine  of.  ,  .  .  B=39^  56^=9.807465 

’“iLghi"'  ''’'®‘‘'iAC=.7°  a3'l=9.6fej30 

3.  To  find  the  Angle  C. 

As  the  Co-Sine  of  ...  .  BC=45°  48^=9.843336 

is  to  Radius .  90  00=10. 

So  is  the  Co-Tangent  ofB=39^  56^=10.077213 

To  the  Tangent  of .  .  .  .  C=59^  44'=io. 233877 

9.  By  Scale  and  Compajfes. 

I.  To  find  AB. 

Extend  the  Compafies  from  Radius  90^  to  (the  Co¬ 
fine  of  B)  50°  04^  in  the  Sines,  then  fet  one  Foot  in 
45°  in  the  Tangents,  and  pitch  the  other  downward  5 
where  fix  it,  while  you  bring  the  former  from  45^ 
to  45°  48^ ;  then  will  this  laft  Extent  reach  from  49*^ 
to  the  Tangent  of  38^  1 5^=AB,  the  Side  required. 

'  2.  To  find  AC. 

Extend  the  Compafies  from  90^  to  45^  48'  in  the 

Sines, 
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Sines,  the  fame  will  reach  from  39°  56'  to  27°  23'^ 
=AC,  in  the  fame  Line, 

**.4.  ^  ^  t  .t  t  *  ' 

g.  To  find  the  Angle  Q, 

Extend  the  CompafTes  from  (the  Go- Sine  of  fiC) 
44^  16'  to  Radius  90°  j  the  fame  applied  to  (the  Co- 
Tangent  of  B)  50°  04',  will  reach  to  the  Tangent 
59^  44'==C9  the  Angle  required. 

I 

10.  By  the  Sliding--Ruk, 

1.  To  find  AB. 

Set  Radius  90^  on  Sr  to  50°  04'  (the  Co-Sine  of  B) 
on  Ss,  and  againft  45°  on  Tr  mark  the  Point  on  Ts, 
bring  that  Point  to  45*^  48'  on  Tr  ;  and  now  againfb 
45^  on  Tr  you  have  38^  on  Ts, 

2.  To  find  AG. 

Set  Radius  90°  on  S  to  45°  48'  on  Sr,  then  againft 
39°  56^  pn  Ss,  you’ll  fee  27°  23'j  on  Sr,  the  Side 
AC  required. 

3,  To  find  the  Angle  G. 

Set  (the  Go-Sine  of  BC)  449  16'  on  Ss  to  Radius 
90°  on  Sr  ;  then  againft  (the  Co-Tangent  of  B) 
50°  04'  on  Tr,  is  59°  44'^C,  on  Ts. 

1 1.  Cafe  IV.  Given  the  Legs,  ABr=:38°  15',  and 

ACzzz27°  23^1 5  to  find  the  reft. 

To  find  the  Hypothenufe  BC. 

As  Radius  .......  90*^  00^=10. 

is  to  the  Co-Sine  of .  .  AC==27°23lizr9. 94838^ 
So  is  the  Co-Sine  of  .  .  AB=38'*  15^=9.895045 

to  the  Co=Sine  pf .  . .  .  BC^45^  4^'— 9*^43433 

As 
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As  there  is  nothing  new  in  finding  the  Analogies  B 
and  C,  I  fiiall  pafs  them  by. 

12.  By  Scale  and  Compares , 

r  I.  To  find  BC. 

Extend  the  CompafTes  from  90°  to  (the  Co-Sine  of 
AC)  62°  37';  the  fame  applied  to  (the  Co-Sine  of 
AB)  5i°45'  will  extend  to  (the  Co-Sine  of  BC) 
44°  16'  a  therefore  BC=:45°  48 ^ 

2.  To  find  the  Angle  B. 

Extend  the  Compafies  from  38°  15^  to  90^  in  the 
Sines,  the  fame  will  reach  from  27°  23^1  to  39""  56' 
rr:B,  in  the  Line  of  Tangents. 

3.  To  find  the  Angle  C. 

Extend  the  Compafies  from  27°  23'i.  to  90°  in  the 
Sines  ;  the  fame  will  reach  from  45°  to  a  Point  in  the 
Tangent- Line,  where  fix  the  Compafies  while  you 
bring  the  Leg  from  45°  to  38°  15',  then  will  this  lath 
Extent  reach  from  45°  to  59°  44'=C,  in  the  Tan-  , 
gents. 


13.  By  the  Sliding- Rule, 

I.  To  find  BC. 

Set  90°  on  Ss  to  (the  Co-Sine  of  AC)  62°  36'!  on 
Sr,  then  againfl:  (the  Co-Sine  of  AB)  51°  45^  on  Ss 
is  (the  Co-Sine  of  BC)  44°  16^  on  Sr  ;  wherefore 
BC=:45°48',  as  required. 

2.  To  find  the  Angle  B. 

Set  3  S'*  15^  on  Ss  to  90°  on  Sr  *,  then  again  lb 
27°  23^1011  Ts  i$  39^*  f  on  Tr,  the  Angle  B  re¬ 
quired. 


0 


I! 

I 
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i  ’  3.  To  find  the  Angle  C. 

I  Set  27^  23'  on  S$  to  90^  on  Sr  5  arid  inark  thd 
Poi  ntou  T's  againft  45^  on  Tr  ;  bring  that  Point  to 
H  58°  15'  on  Tr  ;  then  againfl:  45^  on  Tr  you  fee 
H  59^^  44  — C,  on  Ts. 

i1  14.  Cafe  V.  Given  the  Hypotheinife  48', 

and  one  Side  ACr^27^  23'!  5  to  find  the  reft. 

To  find  the  Angle  C, 

The  Tan’gent’  of  ...  .  BC=45^  48'==  10.012 129 
i  ;  is  to  Radius  .....  90^  Od^=iO^ 

;i  As  the  Tangent  of  AC==27°23'i=:  9.714544 

!  i  is  to  the  Co-Sine  of  the  Angle  C=f:59^44^=9.7024i  5 

; :  i  5.  By  the  Scale  and  Compajfes. 

i  Extend  the  Compafies  from  45*^  to  27^  23T  in  the 
t|  Tangents,  then  fet  one  Foot  in  45^  48^  and  pitch 
j)  the  other  downward,  where  fik  it  while  you  movd 
I'l  the  other  again  from  45°  48^  to  45^,  then  fhall  thk 
N  laft  extent  reach  from  Radius  90^  to  (the  Co-Sine  of 
'vj  C)  30^  16^  in  the  Line  of  Sines  5  whence  the  Angle 
f  C=59^  44^  as  required. 

i 

I I  .  _  ,  . 

Ij  16.  By  ihe  Slidi?2g-Rule; 

Set  45°  on  Tr  ro  27°  23^  on  Ts,  ahd  mark  the 
if  Point  in  Ts  againft  45^  48^  on  Tr,  then  bring  that 
I  Point  to  45°  on  Tr  ;  laftfy,  againft  90^ on  Sr,  you 
n!  have  30^  16^  on  Ss,  which  is  the  Co^Sine  of 
;i  59*^  44^  as  required. 

Note^  The  Proportions  for  AB  and  the  Angle  By 
:  conuiin  nothing  new  or  difficult  either  in  Numbers  or 
I  by  Injlrument.  therefore  ftiall  give  no  Examples  in 
^  them. 

C  c 
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17.  Cafe  VI.  Given  the  Angles  B=39°  56',  and 

^  C=59°  44^5  to  find  the  Sides  AB,  AC,  BC. 

1.  To  find  AB. 

As  the  Sine  of ...  .  Biz:39^  56^=9.807465 

is  to  the  Co-Sine  of .  .  .  C=59°  44^=9.702452 

So  is  Radius .  90°  00'=  10. 

•  "  T  ■■■ 

To  the  Co-Sine  of  the  Side  AB=38*^  i5'=9.894987 

2.  To  find  AC. 

The  Analogy  is  the  fame  as  for  AB,  by  which  you 
‘will  find  AC=27^  23^1  nearly. 

f 

3.  To  find  BC. 

As  the  Tangent  of  .  .  .  44'=io. 233905 

is  to  the  Co-Tangent  of  6=39^  56^=10.077213 
So  is  Radius .  90*^  00^=10. 

,to  the  Co-Sine  of  the  Side  BC=45°  4S  —  9.843308 

1 8.  By  Scale  and  Compares, 

1.  To  find  AB. 

Extend  the  Compafies  from  39^  56'  to  (the  Co- 
Sine  of  C)  30°  i6\  the  fame  will  reach  from  Radius 
90^  to  (the  Co-Sine  of  AB)  51^  45',  in  the  Line  of 
Sines  ;  therefore  AB=38°  15^.  In  the  fame  manner 
you  find  AC=27*^  23'!. 

2.  To  find  BC. 

.  Extend  the  Compafies  from  59°  44'  to  (the  Co- 
Tangent  of  B)  50°  04'  in  the  Tangents,  the  fame 
Extent  will  reach  from  Radius  90^  to  'the  Co-Sine 
of  BC)  44°  12^  in  the  Sines  j  therefore  BC=:45^  4^^' 


19. 
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19.  '  By  the  Gliding-Rule. 

1.  To  find  AB. 

Set  39®  56^  on  Ss  to  (the  Co-Sine  of  C)  30°  16^  on 
Sr  ;  then  againft  90^  on  Ss  is  (the  Co-Sine  of  AB) 
51^45^;  confequently  AB— 38^  15'. 

In  like  manner,  you  find  23'!, 

2.  To  findBC, 

Set  59^  44'  on  Ts  to  (the  Co-Tangent  of  B) 
50^  04^  on  Tr  ;  then  againfl:  90°  on  Sr  is  44"" 
j  (the  Co-Sine  of  BC)  on  Ss,  Wherefore  BC=45°4 8'. 

j  20.  Of  Oblique  triangles. 

I 

j  Oblique  Spherical  Triangles  admit  alfo  of  fix  dif¬ 
ferent  Cafes,  as  follow. 

j  ’ 

j 

i  Cafe  I.  Given  two  Angles,  B=34'^  30',  and  D= 
48°  00',  and  an  oppofite  Side  BC=38°  45' ; 
to  find  the  other  two  Sides  DC  and  BD  j  and 
Angle  C. 

Let  fall  a  Perpendicular  *CA  from  the  unknown 
Angle  C  to  its  oppofite  Side  BD.  Then  is  the  ob¬ 
lique  Triangle  reduced  to  two  Right  ones,  BAC  and 
DAC.  Then  fay  by  the  firft  Analogy  ^  T^o  find  the 
Angle  C. 

As  the  Co-Sine  of.  ...  BC2z38°  45^=9.892030 

is  to  Radius .  90°  00^=10. 

So  is  the  Co-Tangent  of  ,B=34°  3o'=io.  162866 

to  the  Tangent  of  .  .  BCA=6i®  48'!.= 10. 2  70836 

Again,  by  the  fecond Analogy,  fay; 

Cc  2 


As 
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Co.  Ar. 

As  the  Co-Sine  of .  .  .  3=134'’  3.o'~.o,o840o5 

is  to  the  Sine  of .  ,  .  BCA=6i°  48^1=9.945159 
So  is  the  Go-Sine  pf .  ,  .  P=48°  op'=9.82  55ii 

to  the  Sine  of  the  Angle  PCA=45°  41^1=9.854676 

Now  fince  the  Perpendicular  CA  falls  within  the 
Triangle,  ’tis  plain  the  Sum  of  the  two  Angles  now 
found  makes  the  Angle  fought,  viz.  BCA-}-PCA= 
PCD=45°  41^14-61°  48'i=fio7'’  30'. 

To  find  the  Side  BD. 

'By  the  firft  Analogy,  fay; 

As  Radius .  90°  00^=10. 

to  the  Co-Sine  of  ,  .  .  *  3=34°  30  =9.915994 

'  So  is  the  Tangent  of  BC=3S'^  45  =9.904497 

to  the  Tangent  of  the  Side  BA=33°  2949.820485 

k-  1 

Again,  by  fe.cond  Analogy,  (ay  ; 

Co.  Ar. 

As  the  Tangent  of .  .  .  D=48'’  oq-=  9.954437 

is  to  the  Tangent  of  .  .  .  2=34'’  30=9,837134 

So  is.  the  Sine  of .  .  AB=33'’  2949.741698 

to  the  Sine  of .  .  .  .  AD=i9°  5749.533269 

Now  ’tis  evident,  the  Sum  of  the  two  Arches 
AB4-AD=:BD==33°  29'+ 19°  5/ =  53°  26',  the 
Side  required. 

To  find  the  Side  CD.  Co.  Ar. 

As  the  Sine  of  the  Angle  0=48°  004.0.128927 
is  to  the  Sine  of  the  Side  BC=38°  4549.796571 
So  is  the  Sine  of  the  Angle  B=34*^  3049.753128 

>[►  ■  '  ■  ' ' 

to  the  Sin^  of  the  Side  fought  PC::=;2  8°  3049.678626 

Thus 

«  k ' 
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I 

Thus  the  whole  Triangle  is  refolved  according  to 
the  Data  of  this  Cafe.  .  ,  ' 

^3.  Cafe  IL  Given  two  Angles  Br=:34°  30^,  and 
C~ip7^3o';  and  a  Side  included  BC:i=; 
38*^  45^ ;  to  find  the  refb. 

You  let  fall  the  Perpendicular  CA,  and  find  the 
Angle  BCA=$i'^  48^^,  as  in  Art,  2p,,  Then  from 
the  given  Angle  C^t07^  30',  take  the  Angle  BCA 
^61^48^1,  and  there  will  remain  the  Angle  DCA 
=45'^  4i^f^  t)y  which  you  will  find  the  Angle 
48^  Qo\  according  to  the  fecond  Analogy  of  thi^ 
Cafe.  Thefe  Things  being  knowii,  we  may  pro¬ 
ceed  ^ 

To  find  DC.  Co.  Ar. 

Thus,  as  the  Co-Sine  of  DC  A3=45^  41^1—0,155821 
is  to  the  Co-Sine  of  BCA=:;6i^  48^1— 9.674329 
.  So  is  the  Tangent  of  .  .  .  BC— 38°  45^^1:9.904491 

To  theT.  of  the  Side  fought  DCz=:2  8^  30^=9*734^41 

^4.  To  find  BD. 

From  the  given  Angle  B  let  fall  the  Perpendicular 
BK  to  the  unknown  Side  DC  produced  ♦,  then  by  the 
firft  Analogy,  find  the  Angle  CBK,  thus  ; 

As  Radius  .......  90^  oo^ziiio. 

to  the  Co-Sine  of  .  .  .  ,  BC— 38°  45^:^:9.892030 
So  is  the  Tangent  of  605^—72°  30^=10,501278 

I 

to  the  Co-Tangent  of  CBiit=22°  00^1=10.393308 

Then  by  the  fecond  Analogy,  fay  ; 

As  the  Co-Sine  of  .  ♦  DBt^=56^  30^1—0.258208 
is  to  the  Co-Sine  of  5^BC=22^  00^1=9.967151 
So  is  the  Tangent  of .  .  .  BC=3  8^  45'=9. 904491 

;tothe  T.of  the  Side  fought  DC=5  3^  26^=10.129850 

25. 
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25,  Cafe  III.  Given  two  Sides  BC==:38°  45',  and  ' 

CD=28^  30',  and  an  Angle  oppofite  to  one 
of  them,  3=34°  30'  *,  to  find  the  reft. 

This  Cafe  being  but  the  Converfe  of  Cafe  I.  I  fhall 
not  repeat  the  Examples. 

Cafe  IV.  Given  two  Sides  BC— 38^  45',  and  BD= 
53^  26',  and  the  Angle  included  6=34°  30'  \ 
to  find  the  reft. 

This  Cafe  contains  nothing  difficult  if  what  goes 
before  be  well  underftood  ;  the  Analogies  being  plain 
and  eafy  for  the  Operations,  I  fhall  leave  them  to 
the  Learner’s  Exercife  ;  and  pafs  on  to 

26.  CafeV.  Given  all  the  three  Sides,  BC=38^45^ 

DCiir28^36',  and  60=53^  26^  j  to  find 
the  Angles. 


To  find  the  Angle  C. 

The  Difference  of  the  Legs  containing  the  Angle 

fought,  is  BC— CD=AM=io°  15' ;  then 

=31°  §o'i,  and  35^1  ;  wherefore, 

according  to  the  Analogy  for  this  Cafe  in  the  Synop- 
fis,  proceed  thus : 

The  Sine  of  the  Side  .  .  .  BC=r38°  45^12:9.796571 
Add  the  Sine  of  the  Side  DC— 28°  30^=9.678663 

The  Sum  is  the  Log.  of  sBCxsDC=i9. 475234 

Again,  the  Sine  of  ^  jO  ^o'i=zg.y222S^ 

Add  the  Sine  of  —21^ 


The  Sum  is 


^  BD+AM 
s  - ! -  xs 


BD— AM 


2 


19.2881 19 
Then 
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As . 

is  to  the  Square 

So  is  ...  .  s 


Then  fay ; 

sBC  X  800=19.475234 
of  Radius  .  .  .  Rq=20. 


BD-f  AM  ^  g 
2 


ED— -AM 
2 


=  19.288119 


to  the  fquare  Sine  of  i  thej  c^rr*  or^oo^ 
Angle  fought  ^  J  •  •  %C=I9.8i2885 

The  half  whereof  Is  ....  sf  0=5 3°  44'— 9.906442 

Wherefore  the  Angle  fought  is  0=107° 
more  compendioufly  thus,  by  the  Arithmetical  Oom- 
plement  of  the  Sides  BO,  and  DO. 


27.  The  Sine  of  BO=:38°  45'=:.o.203429  Co.  Ar, 
The  Sine  of  DC=:28°  3o'zi=.o.32i337  Co.  Ar, 
The  Sq.  of  Radius  Rq  =20,000000 

The  Sine  of  -  =31^  5o'|=9. 722283 

The  Sine  of  =2 1°  Z5'l=9-5^5^Z^ 


The  Sum  of  all  ....  sqiC=i9.8 12885 

Therefore  ....  $10=53°  44^=9.906442 
Confequently  .  .  .  €=107°  28';  the  fame  as  before. 

Having  found  one  Angle,  the  others  are  eafily  found 
by  the  former  Cafes. 

Note,  By  Cafe  I.  the  Angle  0  was  found  to  be 
107°  30',  which  is  but  different  from  what  It  is 
found  by  this  Cafe  ;  whence  the  Reader  may  obferve 
the  wonderful  Certainty  and  Agreement  of  the  moft 
different  Methods  of  Calculation,  and  from  the  great- 
cif  Diverfitv  of  Data. 

I  '  28. 
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28.  The  fixth  Cafe  is  but  the  fame  with  this,  If 
the  three  Angles  given  be  changed  into  Sides,  taking 
for  the  greateh  Angle  in  that  Triangle  and  greateft 
Side  in  this,'  their  Supplerrients  to  180  Degrees. 

29.  Having  thus  fhewn  the  befl:  Methods,  both  for  ' 
Exa5fnefs  and  Eafe^  of  refolving  the  feveral  Cafes  of 
Right  Ohliqui’angled  ^riangles^  I  fliall  leave  the 
Application  thereof  to  the  various  Problems  of  Afiro- 
'fiomy^  Geography^  T)lalling^  Orthodromics^  See.  for 
the  Learner’s  own  Rfecreatipn  •,  as  being  in  it  felf  very 
cafy,  if  what  is  here  taught  be  underftood  ;  and  alfo 
becaufe  I  have  both  demonftrated  the  Theory.,  and 
"Very  clofely  applied  the  Dodirine  of  Spherical  Trigo- 
7iometry.,  in  the  2d  Vol.  of  my  Toung  Trigonometers 
Guide^  printed  for  Mr,  J.  lAoon.^  at  the  White  Harti 
in  Cheapftde  and  which  I  recommend  to  all  unac¬ 
quainted  with,  and  who  would  have  a  good  Notion  of 
the  noble  and  moft  ufeful  Art  of  T rigonometry. 

QQCGOCQQCQQC  OQOQQQGQC  QQQ 

CHAP.  XIIL 

Mercator’,?  Sail  IMG by  the 
NON  (^/'Logarithmic  T  AN  GENTS, 
out  the  Meridional  Parts. 

I.  rr^HE  Property  of  MercatoAs  Chart  is  its  hav- 
^  ing  the  Degrees  of  Latitude  increafed  in  the 
fame  Proportion  as  a  Degree  of  Longitude  decreafes 
from  the  Equator  to  the  Pole.  Which  Proportion 
IS  that  of  Radius  to  the  Co-Sine  of  Latitude ;  or,  of 
the  Secant  of  the  Latitude  to  the  Radius  j  which  is 
thus  demonftrated. 

2.  Let  AEB  (Fig.  VIII.)  be  a  Seder  in  the  Plane 
of  the  Equator,  made  by  the  Interfedions  of  the 
Planes  of  two  Meridians  therewith,  viz.  AE,  a^*  ' 
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I  BE,  whofe  Inclination,  or  Angle  BEA,  that  is,  the 
I  Arch  of  the  Equator  AB  is  =  i  Degree.  Alfo  let 
I  EC  be  the  Radius  of  any  Parallel  of  Latitude  •,  then 
f  ihall  DC  be  an  Arch  in  that  Parallel  fimilar  to  (AB) 
i  one  Degree  of  Longitude  in  the  Equator,  or  it  is 
that  Degree  diminifhed.  Now  (from  the  Elements) 
the  Arch  AB  is  to  the  fame  diminiih’d  in  the  given 
I  Parallel  DC,  as  the  Radius  of  the  Equator  AE  to 
(!  the  Radius  of  that  Parallel  CE  *,  but  lince  AE=il.C 
i  (AC  being  the  given  Latitude)  and  becaufe  of  fimilar 
j  Triangles  EcC  and  ESA,  therefore  Ec  (EA)  :  EC  :: 
I  ES  :  E  A  ::  AB  :  DC.  But  EC=:  E  c,  the  Co-Sine 
of  the  Latitude  AC,  and  ES  the  Secant  thereof 
therefore,  which  was  to  be  demonftrated. 

3.  And  becaufe  in  Mercator's  Proje^ion  or  Charts 
the  Meridians  and  Parallels  arc  all  reprefented  by  pa- 
■rallel  Right-Lines^  the  Arch  CD  in  every  Parallel  is 
i  ever  equal  to  that  in  the  Equator  AB  *,  therefore  that 
j  the  true  Proportion  between  Longitude  and  Latitude 
i  might  be  preferved  on  this  Chart,  as  on  the  Globe  it 
felf,  ’twas  neceffary  the  feveral  Degrees  of  Latitude 

I  fhould  be  fuch  as  belong  to  thofe  Circles  whofe  Radii 

II  are  feverally  equal  to  the  Secants  of  thofe  Latitudes. 

j  4.  Let  A  =  the  Arch  of  one  Degree  in  any  Lati- 
i  tude  j  a,  c,  &c.  =  the  feveral  enlarg’d  Degrees 
I  on  the  Meridian  *,  R  =  Radius  •,  and  S,  s,  j, 

1  the  Secants  of  thofe  Latitudes.  Then  it  will 


be 


Aifl  :  a 
A2d  :  h 
A3d  :  c 


R  :  S. 
R :  s. 
R  :  J, 


&c. 


Therefore  we  fhall  have 
3  A  :  aA;-h-^c  ::  3R  :  S-|- 
s-f-r. 


I  That  is,  the  Sum  of  the  Secants  of  i,  2,  3  Degrees 
I  is  always  equal  to  theDldance  of  the  Parallel  “of  thofe 
i  three  enlarg’d  Degrees 'from  the  Equator.  And  con- 

i  fequently  by  a  continual  Addition  ot  the  Secants  of 
P  iP,  2P,  3P,  or  their  Doubles  3',  5'  7^^ 
Cfr.  the  Pane  or  Table  of  RUridional  Parts  may  be 


made  ;  and  by  fome  has  been,  made  in 

D  d 


this  manner 
for 


202  MERCATOR’i  Sailings  by  the  Canon 

for  every  Minute  of  the  Quadrant ;  but  a  truer  way 
is  that  delivered  in  Chap.  X.  of  the  Theory,  which 
fee. 

5.  If  then  you  draw  any  Line  AB  (Fig.  X.)  to 
reprefen  t  an  Arch  of  the  Equator,  as  fuppofe  60  De¬ 
grees  ;  and  on  every  tenth  Degree  be  eredted  Per¬ 
pendiculars,  thefe  fhall  be  the  Meridians  ;  on  which 
if  the  Degrees  of  Latitude,  enlarg’d  in  the  Manner 
and  Proportion  above  defcrib’d,  be  fet  off;  and  thofe 
Divifions  join’d  by  Right-Lines,  reprefenting  the 
Parallels  of  Latitude,  Mercator* s  Chart  will  be  con- 
ftrucfled  for  the  given  Longitude  and  Latitude  ;  and 
a  Meridian  thus  graduated,  is  what  is  called  the 
Nautical  or  Meridian  Line,  This  Chart,  as  here 
drawn,  includes  60^  Longitude^  and  80°  Latitude,, 
that  the  Reader  may  have  a  perfpicuous  Idea  thereof.  , 

6.  Now  fuppofe  F  be  the  Latitude  whence  you 
fail,  and  C  the  Latitude  you  arrive  to,  on  the  Rhumb 
FC  ;  ’tis  plain  there  will  be  formed  a  Right-angled 
plain  Triangle  FCD,  wherein  FDis  the  enlarged  Lif' 
ference  of  Latitude,,  and  CD  the  true  Difference  of 
Longitude,,  and  the  Angle  CFD  the  or  Rhumb  ; 
and  therefore  any  two  of  thefe  being  given,  the  reft 
are  found  by  the  Analogies  of  plain  Triangles  before- 
going.  ^ 

7.  Since  every  Degree  is  equal  to  60  Minutes  or 
Nautical  Miles,  let  the  proper  Difference  of  Latiiud.e 
be  reduc’d  to  thefe  Parts,  and  fet  (off  the  fame  Scale 
as  AB  was  laid  down  by)  from  P'  to  E,  and  draw 
EK  parallel  to  DC  ;  fo  fhall  there  be  form’d  another 
Right-angled  plain  Triangle  FEK  ;  in  which  FE  is 

proper  Difference  of  Latitude  ;  EK  the  Departure ; 
KF  the  Difiance  fail’d  on  the  Rhumb  or  Courfe  EFK. 
Any  two  of  which  Parts  being  given,  the  others  are 
to  be  found  as  aforefaid. 

8.  And  thefe  two  Triangles  FCD,  FKE,  com- 
prehending  all  the  Particulars  of  Mercatofs  Sailing  ; 
’tis  obvious  enough  how  they  are  all  refolv’J,  either 
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'  by  Proje^ion  or  ^trigonometrical  Calculation  \  but  my 
||  Purpofe  is  here  to  fhew,  that  without  thofe  common 
^  Methods^  they  are  all  to  be  refolv’d  by  the  Canon  of 
L  Logarithm-Tangents  only,  in  order  to  which,  the 
1  following  Articles  muft  be  premis’d  and  duly  ob- 
1  ferv’d,  viz. 

19.  Firft,  That  it  has  been  Ihewn,  the  Nautical  or 
Meridian  Line.^  or  Scale  of  MercatoPs  Chart is  no 
other  than  a  Scale  of  Logarithm-Tangents  of  the 

!  Half- Complements  of  the  Latitude.  Secondly,  that 
fuch  Logarithm-Tangents  of  Mr.  Form,  (or 

1  thofe  in  common  Ufej  are  a  Scale  of  the  Differences 
I  of  Longitude  upon  the  Rhumb,  whFch  makes  an 
I  Angle  of  51^  38'  9^^  with  the  Meridian.  Thirdly, 
i  the  Differences  of  Longitude  on  differing  Rhumbs, 

!  are  as  the  Tangents  of  the  Angles  of  thofe  Rhumbs 
with  the  Meridians  ;  as  is  evident  from  the  Triangle 
FCD  (Fig.  X.)  And  fourthly,  that  the  Logarithm- 
Tangent  of  the  Angle  51°  38'  viz.  10. 1015 104 
is  a  conftant  Fadlor  in  thefe  Computations.  On  thefe 
'  Premifes  ’tis  eafy  to  operate  the  Propofitions  of  Mer- 
catofs  Sailing.^  as  follows. 

10.  In  Fig.  II.  let  F  reprefent  theL/2;,^riV  Pointy 
whofe  Latitude  North  DFz=49^  55"  *  X  re- 

prefent  Barbadoes  in  Latitude  North  13^  io'=CK  ; 
then  is  FE  =  the  Difference  of  Latitude  j  CD  the 
Difference  of  Longitude  ;  and  EFK  the  Angle  of 
the  Rhumb,  FK  with  the  Meridian.  Laftly,  let  FO 
be  the  Rhumb  making  an  Angle  of  52*^  38'  (^"  with 
the  Meridian  ,  or  that  on  which  the  Difference  of 
Longitude  QD  is  the  Difference  of  the  Logarithms 
of  the  Tangents  of  half  the  Complements  of  the  Lati¬ 
tude  PF,  PK,  or  PO:  Then, 

II.  Cafe  I .  Given  the  Latitude  of  the  Lizard.^ 
49°  55^  N.  and  that  of  Barbadoes  13°  10^  N. 
and  their  Difference  of  Longitude  53^  00^= 

D  d  2  318Q 
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3180  Nautic  Miles  :  I  demand  the  Courfe 
and  Diftance  fail’d  ? 

The  Lat.  1  Comp.  1  the  Halfs. 
CK-13O  io'lPK=y6^  507  sS""  25/ 
DFz=49^  55^j  PF— 40^  05^J  20^  2^1 

Then  the  Log,  Tangent  of  I  3^  ^5— 9*^993^^ 

The  Difference  of  which  is  .  .  .  00=13372,60 

(Ncte^  The  four  firfl:  Figures  are  Integers^  according 

to  the  Theory) 

Then  fay,  for  the  Courfe  KFE  ; 

As  the  Diff.  of  Log.  Tang.  QD— 3372,61=3.52796 


If 

j 


to  the  given  Diff.  of  Long.  CD— 3180=13.502427 
Soistheconfl:.Tang.ofOFE=:5i^  38'  9^'— 10. 10 15 10 


3.603937 


'to  the  Tangent  of  the 


Courfe  fought 


^|KFE=49°59'f-io.o75972 


Secondly,  For  the  Diftance FK. 

The  Difference  of  Latitude  is  49°  55^ — 13°  id 
36^45^=2205  Miles; 

Say,  as  Radius .  10. 

to  the  Diff.  of  Lat.  .  .  .  ■EF^2  205=:3. 343409 

So  IS  the  oecant  1  x/’t~'T7  i  u  o 

oftheCourfe  }  KFE=49°  59' iO''=io.i9i8o7 


to  the  Diftance  fail’d  FK=:3429, 38— 3.535216 

By  this  Propofiriqn  you  eftimate  the  Courfe  a  Ship, 
muft  fteer,  and  the  Diftance  of  her  Port. 


12. 

«  4 
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12,  Cafe  II.  Given  the  Latitude  of  the  Lizard 
49^  55'  N.  and  of  Barhadoes  13°  10' N.  and 
the  Courfe  49°  59^1,  to  find  the  Difference  of 
Longitude,  and  l3iflance  failed. 


Things  being  prepared  as  before,  fay  ; 

As  the  Log.  Tang,  of  OFE=5i^  3i' 9^^=10.101510 


to  the  Tang,  of 
the  Courfe 


KFE=49^  59'  io^''=io.o759y2 


§ois  the  Diff.  of  the  Log. 
Tang,  of  the  f  Comp, 
of  the  Latitudes 


00=3372,6=3.527965 


3-603937 


to  theDift.  ofLong.  required  CD=3 1 80=  3.502427 


Which  converted  into  Degrees  makes  53^  00, 
And  fo  much  is  the  Difference  of  Motion  or  Time 
between  thefe  two  Places.  The  Diffance  on  the 
Rhumb  will  be  found  3429, 38z=FK,^as  before. 


13.  Cafe  III.  Given  the  Latitude  of  the  Lizard 
49^  55' N.  the  Diflance  failed  3429,38  Miles 
on  a  Courfe  49^  59^  10^^  Southwefterly,  ’tis 
required  to  find  the  Latitude  and  Longitude 
of  the  Place  to  v/hich  the  Ship  is  arrived. 


As  Radius  .  ....  10. 

to  the  Didance  failed  FK=:3429, 38=3. 535216 
So  IS  the  Co '  Sine  of  ? 


the  Courfe 


=49°  59^  io'''z=9. 808193 


to  the  Diff  of  Latitude  FE=2 205=3. 34340.9 


Then  from  the  given  Lat.  of  the  Lizard  49^  55' 
Subd.  the  Diff.  of  the  Lat.  2205=36^45' 

There  remains  the  Lat.  fought  ...  =13°  10' 

And 
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And  having  thus  obtained  the  Latitudes,  the  Dif¬ 
ference  of  Longitude  will  be  found,  2iSper  Cafe  II.  to 
be  ^i8o  Miles  or  53  Degrees  \  and  fo  the  Operation 
needs  not  to  be  repeated. 

14.  If  it  fo  happen  that  the  Ship  paffes  the  Equa¬ 
tor^  and  confequently  has  one  Latitude  Norths  the 
other  South ;  then  obferve  two  things ;  firft,  that 
both  the  Complements  of  the  Latitudes  are  to  be 
eftimated  from  the  fame  Pole  of  the  World.  And 
therefore,  fecondly ;  fuppofe  you  fail  from  a  North- 
ern  to  a  Southern  Latitude,  you  muft  add  90°  to  the 
former^  and  fubftrad:  the  latter  from  90° ;  then  fub- 
ftrad:  this  Sum  and  Remainder  from  180°,  and  take 
the  Difference  of  the  L.ogarithm-Tangents  of  half 
the  Remainders,  as  before. 

15.  Cafe  IV.  Suppofe  I  fail  from  Latitude  48°  30'  N. 
to  Latitude  23°  45^  S.  on  a  Courfe  43^  50' 
Southwefterly  ;  required  the  Difference^  Lon- 
gitude^  and  Dijiance  failed  ? 

Then  48^  30^-1-90=:  12 8^  30^;  and  90 — 23^  45^== 
66^  15'.  And 

18.0 —  66^  15'=!  13^45' 1  J  f  56°  52^|:=IO. 185410 
180— 128°  30'=  5i°3q'Vt25°45'=  9.683356 

The  Diff.  of  thofe  Tangents  is  .  .  .  5020,54 

Therefore  fay,  for  the  Difference  of  Longitude  ; 

As  the  Log.  Tangent  of  51°  38'  9^^=10.101510 

is  to  the  Diff.  of  the  Log.  Tang.  5020, 54:=3. 700750 
So  is  the  Tang,  of  the  Courfe  43^  50^=9.982309 

3-68305.9 

to  the  Diff.  of  Long,  required  3815,5=3.581549 
That  is,  in  Degrees, —63^  35'|, 


To 
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To  find  the  Ditlance  fail’d  ^  fay. 

As  Radius .  lO. 

to  the  Sum  of  the  Lat.  72^  15'— 4335—3.636989 
!'  Sc  is  the  Secant  of  the  Courfe  43°  50^=10.141849 

to  the  Dift.  fail’d  in  Miles,  6009,5^=3.778838 

I  16.  Thus  you  have  all  the  Pra5iical  Cafes  of 
I  Mercatofs  Sailing  performed  by  the  Canon  of  Loga^ 
rithm-Pangents  only,  without  the  Meridional  Parts  or 
Charts  as  in  the  common  Way.  And  fince  this  is 
the  mofi:  exadd,  and  natural  Method  of  Navigation 
I  (next  to  the  Globular  Chart  it  felf)  and  wholly  refol- 
'  vable  by  Logarithms^  it  adds  not  a  little  to  the  (be¬ 
fore  invaluable)  Eilimation  of  thofe  excellent  Num¬ 
bers  ;  and  renders  their  Ufe  to  Navigators  more  ne- 
cefiary  than  before. 


CHAP.  XIV. 

Of  the  Mensuration  ^^/Superficies  and 
Solid  Bodies  ly  Logarithms. 

I.  A  Mongfi:  the  Variety  of  Methods  for  meafuring 
Jf\  the  Surfaces  and  Solidity  of  Bodies^  I  intend 
here  to  fhew  the  Excellency  of  that  by  -Logarithms  ; 
which  may  juftly  be  allow’d  the  Preference  to  all  o- 
thers  in  point  of  A^/'and  Brevity^  Advantages  none 
of  the  leaf:  in  common  Eftimation.  And  fince  thefe 
Operations  confifi:  altogether  in  Multiplication  and 
Livifion^  J  need  not  here  repeat  them  by  the  Iriftru- 
ments^  as  having  already  largely  fhewn  the  Man¬ 
ner  thereof  in  a  particularly  on  that  Plead. 


\ 
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2.  ‘To  meafure  a  Square,  Fig.  XII. 

The  Logarithm  of  the  Side  multiplied  by  2,  gives 
the  Logarithm  of  the  Area  or  fuperjicial  Content, 

Examp.  Let  the  Side  of  the  Square  be  AB=3i,57. 

Then  the  Logarithm  of  AB=:3 1,57=1.499275 
which  multiply  by .  2 


The  Produd  is  the  }  ^  ^  o 

Area  of  the  Square  J  ABCD=996,66=2.998550 

3.  21?  ^  Paral LELOGR  A M,  Fig. XIII. 

The  Sum  of  the  Logarithms  of  the  Length  and 
Breadth  is  the  Logarithm  of  the  Area. 


Examp.  The  Length  AB=4i,5  and  Breadth  60= 

3L57- 

To  the  Log.  of  the  Length  AB=4 1,5= 1.6 18048 
add  the  Log.  of  the  Breadth  BC=3 1357= 1.4992  75 


The  Sum  is  the  Log. 
of  the  Parallelog. 


^  ABCD= 


1312,155^3-117323 


4.  To  7neafure  a  Rhombus  ABCD,  Fig.  XIV. 

The  Sum  of  the  Logarithms  of  a  Side  and  the 
Perpendicular  Height,  is  the  Logarithm  of  the 
Area. 


Examp.  Let  the  Side  AB=i5,5  *,  and  the  Perpen 
dicular  BE=i3,42. 


Then  to  the  Log.  of  the  Side  AB—i  5, 5zr=:i  .190332 
add  the  Log.  of  the  Perpend. BE=i  3,42=1. 127752 


The  Log.  of  the  Area  of  \ 
the  Rhombus  i 


=208301=2.318084 


5* 


3 
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.c  5.  To  me'afure  a  Rhomboi&es,  ABCD,  Fig. XV. 


i 


The  Sum  of  the  Logarithm  of  the  longeft  Side, 
and  perpendicular  Height  is  the  Logarithm  of  the 
Area. 

> 

Exam.  Let  the  longeft  Side  AB~  19,53  and  per¬ 
pendicular  Height  BE=:6,o7  i 

Then  to  the  Log.  of  the  Side  AB=i9.5’=i. 290035 
Add  the  Log.  of  the  Perpend.  BE=6,o7=:::o,  783 189 


The  Log.  of  the  Area  of  the 
Rhomboides . 


j  =118,365=2.073224 


6.  ^  Tri ANGi-E  ABC.  jP/g-.XVI. 

The  Sum  of  the  Logarithm  of  the  Bafe,  and  of 
half  the  perpendicular  Height  (or  vice  verfd)  is  the 
Logarithm  of  the  Area. 


Exam.  Let  the  Bafe  60—65,25  *,  and  the  per¬ 
pendicular  Height  AG==2  1,5  j  then  1  AG=io.y^. 
Therefore, 

To  the  Log.  of  the  Bafe  .  ,  .  60=65,25=:  1.8 145 So 
Add  the  Log.  of  half  thePerp.  i  AG:z=  i  o,  7  5=:  i  .03 1408 

*  ■  I  ■  ■■  I  ■  I 

The  Log.  of  the  Area  .  .  .  .=701,4375=2.845988 
7.  To  meafure  a  Circle  ABCD.  Fig.  XVII. 


f  D=the  Diameter. 

In  order  to  this,  let<  P=the  Periphery. 

V  A=zthe  Area. 

Then  the  Rules  or  Theorems  for  finding  thofe  fe- 
'  veral  Parts  are  as  follows  j 


E  e 


Theo. 
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Theo.  I.  3.1416D111P.  Th.  n.o.7854DDz=:A, 
Theo.III.  o.3i83Pi=:D.  Th.IV.o.o7957PPr=rA. 
Theo.  V. v^i.2732Azz:D.  Th.VI.  v'i2.5664A=P. 


8.  Therefore  the  Diameter  AB  being  given,  fup’ 
‘pofe  =  20,15,  to  find  the  Periphery  P  per 
Theor,  I. 


1  hus,  to  the  Log.  of  the  1  ^■n  ^ ^ 

TX-  ^  >  AB=20.  13=1,304275 

Diameter  . . ....>  o  -r  /  ^ 

Add  the  Log.  of  the  con-1  ^ 

ftant  Number . f  3.1416=0.497151 

—  - A 

The  Log.  of  the  Periphery  P=::63, 3^3?^  i .  8  o  1 42  6 

9.  Given  the  Periphery  of  a  Circle  P=63,303, 

to  find  the  Diameter  D  ?  per  Theor.  HI. 

To  the  Log.  of  the  Pe-  £^^.=  1.801426 

ripnery  ........  3  d  o  t 

Add  the  Log.  of  the  1  o  ro  o 

conflant  Number  ..  S  c.^g.^02  37 

The  Log.  of  the  Diameter  D  or  AB=:2o.  i  5=  i  .304263 

10.  Having  the  Diameter  given,  fuppore=2o.i5, 
to  find  the  Area  A  of  the  Circle  ?  per  Theor.  II. 

The  Log.  of  the  Diameter  . .  AB=20. 151=1.504275 

Multiply  by . . .  2 

The  Produd;  is  the  Log.  of . DD=:2. 608550 

I'o  which  add  the  Log.  1  00 

oftheconfiantNumb.  }  54—9-  95^9^ 

The  Log.  of  the  A- 7  -  o  o  /r 

rea  of  the  circle  18,89, £^^.=2.503641 

I  I. 
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\ 

I  II.  Or  thus  fuppofing  the  Periphery  gi^cn, =63, 3  03, 

^^c,  per  Theor.  IV. 

\  To  twice  the  Log.  of . P=63.303=;| 

i  Add  the  Loo;,  of  the  conftant  7  ^  „ 

Number  .  . .  1  °-O7957=8.9O0749 


TheSumistheLog.  of)  ^  ^  o  q  ^  r 

the  Area . &c.=2.5036o 


12.  To  meafure  the  Sector  of  a  Circle  ACB, 

Fig,  XVIII. 

The  Sum  of  the  Logarithms  of  the  Radius,,  and 
I  the  Arch  (or  ■  of  the  Arch  and  half  the  Radius)  is 
the  Logarithm  of  the  Area, 

Examp,  Suppofe  the  Radius  AC=  12.36,  and  the 
Arch  AB  10,12  *,  then  |ABzz:5,ii. 

Then  to  the  Log.  of  Radius  ACzni 2, 36=1=1.092018 
Add  the  Log.  of . |:AB==5,i  1=0.707570 


The  Log.  of  the  Area)  a  r>r>  ^  ^  00 

of  the  Seftor . 1  ACB=63, 2596=1.799588 


13.  To  meafure  the  Segment  of  a  Circle,  as 

AFBG,  Fig,  XIX.  . 

The  beft  way  is  to  find  the  Centre  C-,  as  by  this 

Theorem,  viz,  FB"" — FG=N,  then  —  CGj 

whence  C  is  given  ;  and  finding  the  Area  of  the 
whole  Sedor  ACBG,  (as  per  laft  Article,)  and  the 
Area  of  the  Triangle  ABC,  {per  Art.  6.)  if  the  latter 
Area  be  fubdu(5led  from  the  former,  it  will  leave 
the  Area  of  the  Segment  required,  AFBG. 

r4» 
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14.  To  meafure  a  Sphe  rical  Triangle,  ABC. 

Fig,  XX. 

From  the  Sum  of  the  three  Angles  A,  B,  C,  take 
180  Degrees ;  then  from  the  Logarithm  of  the  Re¬ 
mainder  fubducft  the  Logarithm  of  the  conftant  Num¬ 
ber  720  ;  to  that  Remainder  add  the  Logarithm’ of 
the  Superficies  of  the  whole  Sphere  ;  the  Sum  fhall 
be  the' Logarithm  of  the  Area  required. 

Exam.  Let  the 
'  Angles  be 


A=37° 

30' 

B”92 

30 

C~6o 

45 

.  .  190^ 

45^ 

.  .  180 

00 

0 

0 

• 

» 

45' 

e 


Log. 

r  10,75  nr  I.03140S 
ubdud  the  Logarithm  of . 720  rr2. 857332 


8.174076 
I  =^257, 3=3.099439 


Suppofe  the  Superficies  of  the  ^ 

Sphere . . 

TheSumistheLopr.ofthe  I  ado  r 
‘  a  Cl.  -D  '  r  f  ABCr:r23, 623=^1. 272515 
Area  or  the  i  nangie . ,  3  •  .  .  ?■  j 

4.  ?  ;  - 

15.  To  meafure  an  Elli  psis,  as  ACBD,  iv^^.XXI. 

The  Sum  of  the  I.ogarithms  of  tlie  Tranfverfe 
Diameter  AB,  the  Conjugate  Diameter  CD,  and  the 
confiant' Number  0.7854  *,  is  the  Logarithm  of  the 
Area. 

Exam,  Let  ABr=6i,6,  and  CD=44,4. 

r  ABrr6i,6— i!78958i 
Then  sdd  the  Logarithms  of<  CDrr44,4rr  1.647 3 83 
■'  '  '  ■  ■  L  N.o.7854rr9. 895091 


The  L  cm  of  the  Area  7  o 

■  of  ElV'S . ^=2148, 1004, y..=3-33 


2055 

16! 
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16.  To  meafure  a  Parabola,  as  ACD,  Bg.  22. 

From  the  Sum  of  the  Logarithms  of  the  Bafe  AB, 
the  perpendicular  Height  CD,  and  the  Number  2, 
fubftrad  the  Logarithm  of  3  ;  the  Remainder  is  the 
Logarithm  of  the  Area. 

Exam.  LetAB=6i,6,  and  CD=44,4  5  as  In  the 
Ellipfe. 

r  ABr=6l,6z:=I. 789581 
Then  add  the  Logarithms  of  <  CP=44,4zz:  1.6473 83 

Cand  N.  2.=:o.30i030 

3737994 

^ubftrad  the  Logarithm  of . 3=0.477121 

The  Log.  of  the  Area  requlred=i823536=3. 260873 

17.  To  meafureanyREGULARPoLYGONjHg-.XXni. 

In '  order  to  this  the  following  Table  will  be  very 
expedient. 


■  Sides. ' 

Names. 

"Numbers. 

5 

Pentagon. 

1.72048 

6  . 

Hexagon. 

2.59808 

_ 

00 

Heptagon. 
^Oc5lagon.  ^ 

3.63896 

4.82843 

9 

Enneagon. 

6.18183 

10 

Decagon. 

7.69421 

JI 

Endecagon. 

8.51425 

12 

^  J 

Dodecagon. 

9.33012 

A  Table  for 
the  more 
ready  find¬ 
ing  theA- 
rea  of  any 
Regular 
Polygon. 


Then  the  Sum  of  double  the  Logarithm  of  the 
Side  of  the  Polygon,  and  of  the  Number  in  the 
Table  proper  to  it,  is  the  Logarithm  of  the  Area. 

Exam.  Let  the  Pentagon  ABCDE  be  propofed, 
and  let  its  Side  \>q  AB=i4,6. 

'  ■  "  Then 
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Then  twice  the  Logarithm  of  AB=i4.6-5 

^  ^  ^  1-1^4353 

Add  the  Log.  of  the  tabular  Numb .  i .  7  2048zi:o.  235  649 

The  Log.  of  the  Area  required  =1366,74—2.564355 

In  the  fame  manner  you  find  the  Area  of  any  o- 
ther  Polygon  mention’d  in  the  Table. 


18.  O//^^  Mensuration  Solids. 


To  meafure  a  Cube  ABCDFGE,  Fig.  XXIV. 

Three  times  the  Logarithm  of  the  Side  is  the  Loga- 
,  rithm  of  the  Solidity. 

Exam.  Let  the  Side  AB  31.57  =  1*499275 
Multiply  by .  3 

The  Log.  of  the  Solidity  .  .  .  31464,8 1=4.497825 

19.  To  meafure  a  Pa  r  a  l  l  e  lopi  p  e  don  AD, 

Fig.  XXV. 


The  Sum  of  the  Logarithms  of  the  Breadth.^ 
Depth.,  and  Length,  is  the  Logarithm  of  the  So¬ 
lidity. 

Exam.  Let  the  "Width  AB=2  1,56  ;  the  Length 
AG— 31,57  ;  and  Depth  GF:=9,o3. 

fAG=:3I, 57=1.499275 
Then  add  theLogarithms  ofjAB=2i, 56=1. 333649 

tGF=  9,03=0.955688 


The  Loc.  of  the  Solidity 
required . 


I 

5 


~  6146,2623=3.788  61 2 


20.  To  meafure  a  Prism  ABCDEF,  Fig.  XXVI. 


Firft  find  the  Area  of  the  Safe,  whether  a  Triangle, 
Sfiuare,  &c.  Then  the  Sum  of  the  Logarithms  of 

the 
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the  faid  Area^  and  Length  of  the  Prifm^  is  the  Lo¬ 
garithm  of  its  Solidity, 

Exam,  Suppofe  a  Prifm  of  a  triangular  Bafe^  as  in  ’ 
the  Figure,  then  let  its  Area  be  ABC=;.70i54375, 
and  its  Length  BD™7o,i5. 

Then  add  the  Loga- j  ABC=:7oi,4375z=:2.845988 
rithmsof  both  I  BDzz:  70,  15  =1.846028 

The  Log.  of  the  Solidity=:49205,84,ff?r.=4.692oi  6 

21.  TomeafureaPYR  AMID  ABCDE.  F/g-.XXVII. 

Firft  find  the  Area  of  its  Bafe^  whether  triangular ,, 
quadrangular See.  then  the  Sum  of  the  Logarithms 
of  the  Area  of  the  Bafe,  and  I  of  the  'perpendicular 
Height i  is  the  Logarithm  of  the  Solidity, 

Exam,  Let  the  Prifm  have  a  quadrangular  Bafe 
ABCD=342,25  ;  and  the  perpendicular  Height 
GE=:i8o;  thenTGE=6o. 

Therefore  add  the  Lo- C  ABCD=342325=2. 534343 
garithms  of . t  •}GE=6o=i. 778151 

IT  j  -  l.i.—i ^ 

The  Log.  of  the  Solidity  .  .  .  :  .  =20535=4.312494 

22.  To  meafure  a  Cylinder  ACBDEF, 

Fig,  XXVIII. 

The  Sum  of  the  Logarithms  of  the  Area  of  its 
Bafe,  and  of  the  Height^  is  the  Logarithm  of  the 
Solidity, 

Exam,  Let  the  Area  of  the  Bafe  be  380, 1 5=AGBH  y 
'  and  the  Height  BD=50,05. 

Then  add  the  Loga-  c  AGBH=38o, 1 5=2.579955 
rithms  of . .  BD=50505=:::  1.699404 

Log.  of  the  Solidity  .  .  .  =1902655075=4.279359 


22 
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22.  To  meafure  a  Cone  AEBFD^'  i%.XXIX. 

The  Sum  of  the  Logarithms  of  the  Area  of  the 
Ba/e^  and  i  of  the  perpendicular  Height,  is  the  Lo¬ 
garithm  of  the  Solidity^ 

Exam.  Let  the  Area  of  the  Bafe  be  ioo.75=:AEBF^ 
and  the  perpendicular  Height  €0=^19,95  *,  and 
therefore  -iCD^ib, 65. 

Then  add  the  Loga-c  AEBF=:ioo, 75=2. 003245 
rithms  of . 1  tCD=6,65— 0.822822 

The  Sum  is  the  Log.  of  the  >  ^  ^  r  ^ 

Solidity . : . f  669.9875=2.826067 

23.  To  meafure  the  Frustum  of  a  Pyramid. 

Fig.  XXX. 

If  it  be  a  fquare  r  D=Side  of  the  greater  Bafe  AB. 
BafeasABCD,)  d  =Side  of  the  lefTer  Bafe  EF. 
then  put  .  .  .  cD — d=^  and  H  31=  the  Height  GO. 

Then  we  have  this  Theorem  Dd-(~4;f;^'  x  H=  the 
Solidity. 

Exam.  Suppofe  D=5o,  d=:2i  ;  and  H=:i05,6; 
then  D — d=?i;=:29. 

f 0=50.  .=1.698970 
Then  add  the  Logarithms  of-jd  =21  .  .=1.322219 

t  H=io5, 6=2.023664 

The  Logarithm  of .  .  .  .  DdH=i  10880=5.044853 

Again,addtheLogarithmsofJ«^°g>J47g3 

The  Logarithm  of  ...  .  4^;cHzi;296o3, 2=4.47 133 7 
To  which  add . DdHzi:i  10880 


The  Sum  is  .  .  .  Dd-l-ixYKH=i40483^2=  the  Soli¬ 
dity  required. 

24. 
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24.  But  if  the  Bafes  of  the  Fruftum  be  triangu¬ 
lar  %  the  Theorem  is  x  0,433!^==  the  Soli¬ 

dity.  Again,  if  the  Bafe  be  any  of  the  regular  Po¬ 
lygons  ;  then  put  N  =  the  Number  in  Table  at 
Art.  1 7.  proper  to  the  Polygon,  ahd  the  Theorem 

will  be  x  NH=the  Solidity. 


25.  To  ineafure  the  Fruftum  of  a  Right  Cone. 

Fig.  XXXI. 

I  .  •  •  .  . 

Let  D=the  Diameter  of  the  great  Bafe  AB,  arid 
d=the  Diameter  CD  of  the  lefTer  Bafe  ;  D — dzrr.v, 
and  H==the  perpendicular  Height,  as  before  ;  then 

the  Theorem  for  the  Solidity  will  be 

_  ^,27323 

or  thus  Dd-f-i^^xo.7854H^So]idity. 


Exam.  Let  A B— id,  CD=i2,  and  00=9:  then 
D—d=x=4-,  andT.y^=5,3':  alfoDd==i92;  and 
fo  Dd4-i‘^^=i9753'. 


Then  add  the 
rithms  of 


;  Loga-  ( 

. C 


Dd+T^‘V=  1 9  7,3'zz:  2 . 2  9  5 1 99 
0.7854=9.895091 
FI=  9=0.954242 


The  Log.  of  the  Solidity  . .  =1394,8704=3.144532 
26.  To  meafure  a  Globe  dr  Sphere  ACBD, 

Fig,  xxxir. 

The  Sum  of  the  triple  Logarithm  of  the  Diameter, 
and  the  Logarithm  of  the  conftant  Number  0.5236 
is  the  Logarithm  of  the  Solidity  of  the  Sphere. 

Exam.  Suppofe  the  Diarheter  of  a  Sphere  AB= 

50,37- 

F  f 


Then 
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r  AB:z:r50, 37  =  1. 702172 

Then  add  the  Logarithms <  i. 702172 

°  j  1. 702 1 72 

L  •971^999 

The  Log.  of  the  Solidity  7  o  o 

of  the  Sphere  ^^^913,8=4.825515 

27.  To  meafure  the  Superficies  of  a  Sphere. 

The  Sum  of  Logarithm  of  double  the  Diameter, 
and  the  conftant  Number  3'.  1416,  is  the  Logarithm 
of  the  Superficies  of  the  Sphere. 

Exam,  Let  the  Diameter  AB=5o.3 7. 

f  AB= 50. 3  7= r.702 1 72 
Then  add  theLogarithms  of  4  i  .702 1 72 

i  3,1416=0.497151 

The  Log.  of  the  Superficies  ....  7970,7=3.901495 

28.  To  meafure  the  Segment  of  a  Sphere, 

Fig.  XXXIII. 

r  D=The  Axis  or  Diameter  of  the  Sphere  CD. 
Let  s  C— Half  the  Diam.  of  the  Segment’s  Bafe  EB, 
tH=The  Height  of  the  Segment  ED. 

Then  we  have  the  two  following  Theorems  for  find¬ 
ing  the  Solidity. 

Theor.  I.  3CCH-f' H^xo.5236=the  Solidity. 
^  Theor.II.3DH^ — 2H^xo,5236— the  Solidity. 


29.  To  meafure  a  Spheroid  ACBDA, 

Fig.  XXXIV. 

The  Sum  of  the  double  Logarithm  of  the  Lejfer^^, 
the  Logarithm  of  the  Greater  Diameter,  and  thes 

conftanU. 
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conjlant  'Number  0.5236,  is  the  Logarithm  of  the 
folid  Content  of  the  Syberoid, 

Emm,  Let  the  lefler  Diameter  CD=33 ;  and  the 
greater  Diameter  AB  =35- 

Then  the  double  Log.  of  .  . . 

The  Logarithm  of . AB=r55=i. 740363 

The  Logarithm  of . 0.5236=9.719000 

The  Log.  of  the  Solidity  . .  =313615022=4.496391 

30.  To  meafure  the  Sijgment  of  a  Spheroid. 

As  the  Solidity  of  the  Sphere  AFBD  is  to  the  So¬ 
lidity  of  its  Segment  AGK  ,  fo  is  the  Solidity  of 
the  Spheroid  ACBD  to  its  like  Segment  AHI. 

31.  To  meafure  a  Parabolic  Conoid  ACBD, 

F/g,  XXXV. 

The  Sum  of  the  double  Logarithm  of  the  Dia¬ 
meter  of  the  Bafe,,  the  Logarithm  of  the  Height,,  and 
conflant  Number  0.3927  j  is  the  Logarithm  of  the 
Solidity  of  the  Conoid, 

'Exam.  Let  the  Diameter  of  the  Bafe  AB— 55  ^  and 
its  Height  CDr=:33. 

Then  the  double  Log.  of.  .  .AB=55  | 

The  Logarithm  of . CD=33~i.5i85i4 

The  Logarithm  of ........  .  .0.3927=9.594061 

The  Logarithm  of  the  Solidity  3920154=4.593301 


F  f  2 


o  *> 
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32.  To  meafure  the  Frustu M  of  a  Parabolic 

Conoid,  Fig.  XXXVI. 


r  D= Diameter  of  the  greater  Bafe  AB> 
To  this  end,  let)  d  =Diameter  of  the  leffer  Bafe  CD. 

t  the  Height  of  the  Frujium  FE, 


Then  we  have  this  I tt  1  o 

Theorem  ....I  DD+ddxo,3^27H=theSolidity. 


33.  To  meafure  a  Parabolic  Spindle, 

Fig.  XXX VI I. ‘ 

The  Sum  of  the  double  Logarithm  of  its  Thick- 
nefs,  the  Logarithm  of  its  Length,  and  the  Loga¬ 
rithm  of  the  conftant  Number  0.41888,  is  the  Lo¬ 
garithm  of  the  Solidity  of  the  Spindle. ' 


Exam.  Let  the  Diameter  of  its  greateji  Circle.^  or 
Fhicknefs  AB=43,45  *,  and  the  Length  CD=:- 
50,075. 


Then  the  double  Log.  of  AB=::43,45 1  ‘ 

The  Logarithm  of . 00=50,075: 

I'he  Logarithm  of . 0.41888: 


:i. 637990 

:.i.63799o 
:l. 699621 
=  9. 62  2090 


The  Log.  of  the  Solidity  .  .  ===39599,6=4.59769.1 

34.  To  meafure  any  of  the  Five  Regular  Bodies, 

Fig.  XXXVIll. 


For  this  purpofe  the  following  Table  is  neceffary. 


^  Names. 

] 

"Superficies. 

^  Solidity,  n 

■ 

Tetrahedron 

1.73205 

o.i  1785 

Odlahedron 

3.46410  <  0  47140  > 

Hexahedron 

6.00000 

1. 00000 

Icofihedron 

8.66025 

2.18169 

^Dodecahedron^ 

1.20.64573 

^y.66212  j 

Exam, 
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Exam.  Suppofe  the  Side  AB=  12,  of  the  Icofahedron^ 

Fig.  XXXVIIL 

The  Sum  of  the  Logarithm  of  the  tabular  Num^ 
be7\  and  double  Logarithm  of  the  Side  is  the  Loga¬ 
rithm  of  the  Superficies  ;  and  the  Sum  of  the  Loga¬ 
rithm  of  the  tabular  Number^  and  triple  Logarithm 
of  the  Side,  is  the  Logarithm  of  the  Solidity. 

Thus  the  double  Log.  of . .  .  AB=  1 2  j  =  J  j ^ 
The  Log.  of  the  tab,  Number . .  8566025=0.937530 

The  Log.  of  the  =  1247,0688=3.095892 

Again  the  Logarithm  of  .  .  .  AB=:I2=i.G79i8i 

3 

3*237543 

Add  the  Log.  of  the  tai.  Numb.  2.18169=0.338793 

■  *  j>  ■ 

The  Log.  of  the  Solidity  .  .=?=376959458=3. 576336 

35.  Thefe  Propofitions  are  fufficientfor  meafuring 
any  Superficies  or  Solid  Body  in  common  Ufe  ,  and 
the  great  Eafe  and  Concifenefs  of  performing  the 
lame  by  Logarithms,  is  abundantly  manifeft  from 
thefe  Examples, 


C  H  A  R 
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e  H  A  P.  XV. 

'"The  Doctrine  of  Mensuration  applied ta 
Gauging,  Measuring  Timber,  a^ii 
Surveying;  wherein  the  Practical  Use 
of  the  Plain  Scale  and  Sliding  Rule, 
for  thefe  Pnrpofes.^  is  clearly  explain  d. 

1.  TN  the  preceeding  Chapter  you  have  the  frac- 

tical  Method  of  ahfolute  or  general  Menfiiration 
of  the  Content 'oi  S^uperfioies  and  Solids^  kid  down  in 
divers  Proportions ;  my  Bufinefs  is  here  to  apply 
that  general  Dodtrine  to  particular  Ufes  as  thofe  of 
Gaugingy  Pimber-Meafurey  and  Surveying.  Fortho* 
I  there  fhew’d  how  the  IDhnenJions  of  Bodies  might 
be  exprefs’d  in,  ISlumhers^  yet  hnce  thefe  Numbers 
reprefent  divers  kinds  of  ^uantitieSy  as  Inches^  Feety 
l^ardsy  Poles y  ChainSy  &c.  at  pleafure,  To  they  are 
equally  fubfervient  to  thofe  feveral  Arts  above -men¬ 
tion’d,  and  muft  be  reduced  to  thofe  Fenominations 
or  Meafures  wFich  are  peculiar  to  each.  I  fhall  begin 
therefore  with  '' 

2.  Gauging. 

In  this  Art  the  Dimenfions  are  taken  in  IncheSy 
and  Decimal  Parts  thereof  (or  niuib  be  reduced  to 
fuch  f)  and  by  Inches  is  here  to  be  underftood  [olid 
or  cubic  Inches ;  and  that  as  well  in  fuperficial  as. 
folid  Meafure.  For  though  it  be  improper,  geonie- 
irically  fpeakingy  to  afcribe  Phicknefs  to  a  SuperficieSy 
the  Gaugers  always  confder  them  as  one  Inch  deep,^ 
and  accordingly  compute  the  fuperficial  Content  in 
GallonSy  or  Jolid  Meafure. 


o 

0’ 
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3.  As  Inches  are  the  lineal  Dimenfion  's  of  Gaugers^ 
fo  Gallons  are  the  common  Quantities  of  their  folil 
MeafurCi,  of  liquid  Suhftances  efpecially  ;  and  Bujhels 
for  folid  dry  Meafure^  as  Malt^  Corn^  &c.  Now 
thtjlandard  Gallons  and  Bujhel^  as  ufed  in  England^ 
are  as  follows  :  the  Ale  or  Beer  Gallon  =282  folid 
Inches ;  the  Wine  Gallon  =  231;  the  Corn  Gallon 
==268,8;  and  the  Corn  Bujhel  =  2150,42  Cubic 
Inches, 

4.  From  whence  it  follows,  that,  fuppofing  the 
Dimenjions  of  the  Superficies  in  the  foregoing  Chapter 
taken  in  Inches^  the  feveral  Area^s^  or  fuperjicial 
Contents,,  will  by  the  Gauger  be  underftood  to  be  fo 
many  folid  or  cubic  Inches ;  which  therefore  if  he  di¬ 
vide  by  282,  231,  268,8,  or  2150,42,  the  Quo¬ 
tients  will  be  the  feveral  Contents  in  the  refpedlive 
Gallons  or  Bujhels,  For  inftance^  in  Fig.  XII.  the 
Side  of  the  Square  AB=3i,57  Inches,  and  the 
Area  was  therefore  found  (Art.  2.)  to  be  996^66 
folid  Inches, 

r  282  )996,66(=3,53  Ale  Gallons^ 
Confe-  \  231  )996,66(=4,3i  Wine  Gallons, 
quently  j  268,8  3996, 66(=3, 707  Corn  Gallons. 

1^2 1 50,42)996, 66(=o, 46  Corn  Bufhels. 

5.  But  fince  Multipliers  are  the  Reciprocals  of  D/» 
vifors^  therefore  Unity  divided  by  thefe  Divifors  will 
produce  fo  many  Multipliers.  Thus, 

282  ) I  .ooooo(=o.oo3 546  the  Mult,  for  A.  GalL 

231  ) I. ooooo(=:o. 004329  the  Mult,  for  W.  GalL 

2688  )i.ooooo(=o.oo3722  the  Mult,  for  C.  GalL 
2i5o,42)i.ooooo(=o.ooo465  the  Mult,  for  C.  Bufli. 

Confequently,  if  any  Area  be 

0.003 !;46“)  the  Area  C  A.  Gall. 

W.GalL 
Gail. 
Bulh. 
6. 


> 

bJ 

00 

1  f 

Divided! 

1  231  1 

f  or  multi- J 

by  ..  1 

1  268.8  ( 

r  plied  by  | 
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6.  In  order  to  work  thefe  Dimenfions  by  the  ar¬ 
tificial  Line  of  Numbers^  either  on  the  Plain  Scales 
or  Sliding^Ride  \  put  B=Breadth,  L=-Length,  D 
=Deptlr  or  Thicknefs,  G=Standard  Gallon  •;  and 
A=Area,  and  S=Solid  Content  in  thofe  Gallons, 

Cfr.  Then  for  Superficies^  ^ .  and  fo  LB 

t=AG  *,  therefore  G  :  B  ::  L  :  A.  That  is,  the  Ro" 
iio^  or  Logarithm  of  the  Ratio  of  the  Standard  Gal¬ 
lon  to  the  Breadth^'  is  equal  to  that  of  thd  Ratio  of 
the  Length  to  the  Area  in  Gallons.  Wherefore  fup'^ 
pofing  61=31,57,  L=4'i’5  in  the  Parallelogram 
Fig.  XIII.  Art.  3.)  if  yoiT  fetone  Foot  of  the  Com- 
palTes  in  282,  and  extend  the  other  to  31.57,  that 
Extent  will  reach  from  the  Length  41-5  to  4  Ar 
Gallons,  Ale  Meafure.  Or,  on  the  Sliding-Rule^ 
fet  282  on  the  Rule  to  31,57  on  the  Slider,  then 
againft  41,5  on  the  Rule  is  4  to  on  the  Slider,  the 
Area  in  Ale  Gallons^  as  before  \  and  thus  the  Area 
is  found  in  Wine  or  Corn  Gallons, 

7.  Again,  Since  AD— Sx  i,  therefore  i  :  A::D:S. 
That  is,  the  Logarithm  of  the  Ratio  of  Unity  i  to 
the  Area  in  Gallons  A,  is  equal  to  that  of  the  Ratio 
of  the  Depth  (or  Height)  D  to  the  Solidity  (or  Ca¬ 
pacity)  S,  in  Gallons  of  the  fame  kind.  Where¬ 
fore  if  6=21,56,  L=3i,57,  D— 9,03,  as  in  Pa- 
rallelopipedon.  Fig.  XXV.  then  G=2  82  :  6=21,5^6 
::  L=3I,57  :  A— 2to  the  Area  in  Ale  Gallons  ;  con- 
fequently  i  :  A=2  Vo ::  D=9,03  :  S=2i  Vo,  the  fo- 
Ud  Content  in  Ale  Gallons.  Where  extend  the 
CompafTes  from  Unity  to  the  Area  2  Vo,  the  fame 
Extent  will  reach  from  the  Depth  9,03  to  the  folid 
Content  2 1  V©  Gallons.  Or,  on  the  Jliding  Rule^  fet 
Unity  I  on  the  Rule  to  the  Area  2  on  the  Slider, 
then  againft  the  Depth  9,03  on  the  Rule  you  have 
21  -h  the  folid  Content  in  Ale  Gallons  on  the  Slida\ 
Thus  the  Method  of  finding  the  Content  or  Capa¬ 
city  of  fqiiare  or  rc(5lilinear  Areals  or  Bodies  in  Ale^ 

WinCf 
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Wine^  or  Corn  Gallons  is  exceeding  plain  and  eafy 
by  the  Single  Gunter  and  Sliding- Rule. 

8.  In  cafe  of  circular  Areals.,  fince  they  are  all  in 
the  Ratio  of  the  Squares  of  their  Diameters  ;  and 
fuppofing  the  Diameter  of  a  Circle  i  Inch,  the  Area 
will  be  0,7854  Decimal  Parts  of  a  Cubic  Inch ;  there- 
I  fore  having  the  Diameter  of  any  Circle  given  in 
,  Inches,  if  the  Square  thereof  be  multiplied  by  0.7854, 

I  the  Produdt  will  be  the  Area  of  that  Circle  in  Cubic 
I  Inches.  Let  D::z:the  Diameter  of  a  Circle,  a=ro.  7  8  54, 

I  Gzr:Standard  Gall,  and  Am  Area  of  the  Circle  in 
I  fuch  Gallons,  asb^ore.  Then  i  :  a  DD  :  DDa—Area 
i  in  Inches ;  therefore  DDa=GA ;  and  fo  G  :  a  ::  DD 


I  :  A  =  Area  in  Gallons.  But  a  :  G  ::  i  :  ~  :i=  the 

a 

1  Square  of  the  Diameter  of  that  Circle,  whofe  Area 

I  is  G.  Wherefore  fince  DD  zz:  —  A, 

therefore  if  the  Square  To.  7  8  54)  282.oooo(zz:  359^^5 
of theDiameterDD3o.7854)  231. 0000(3=  294.12 

bedmdedby^  =/°'7S54)  268.8ooo(=  342.24 

a  0.7854)2150, 4200(1^:2737. 92 

or  the  feveral  Divifors  359,05  ;  294,12,  ^c.  then 
thefe  Quotients  will  be  the  Area  of  the  Circle  in 
Ale^  Wine.^  &c.  Gallons. 


2 

9.  Or  thus,  iince  DD  x  ^  z=:  A ;  therefore  if 


the  Square  of  the  Diameter  DD 

282  )o-,  7  854(0.002  7  85 

231  )o-7S54(o.oo3389 

2688  ).o.7854(o. 002922 

2 1 50,42)0.7854(0.0000036 


be  multiplied 
by  ^  = 


the  feveral  Produdls  will  be  the  Area  in  Ale,  Wine, 
G^c.  Gallons,  as  before.  Suppofe  the  Diameter  of 
a  Circle  D— 50  Inches,  then  DD=2500  •,  and  put  the 

conftant  Divifo^*  7-  =dd=::  359,05  ;  294,12,  &c. 

G  o-  Then 
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Then  fmce  ixDDzz:ddA,  therefore  dd:DD::  l 
:  Az=z  the  Area  in  Gallons.  Therefore  with  the  Com- 
palTes  fet  one  Foot  in  359,05  extend  the  other  to 
2500,  the  fame  Extent  will  reach  from  i  to  61%  = 
the  Gallons  in  the  Area  of  the  propofed  Circle. 

10.  Otherwife  thus;  put  ^  =^^=0.002785  ; 

0.002389,  (fee  Art.  9.)  then  becaufe  Y)T>dd 
~  A  X  I  ;  therefore  we  have  i  :  DD  ::  dd :  A  or 
,i  :  dd DD  :  A.  If  then  you  fet  i  on  the  Rule  to 
0.00278  on  the  Slider,  you  will  fee  againfl:  2500  on 
Rule  6  7%  on  the  Slider,  the  Gallons  of  Ale  in  the 
Area  of  that  Circle  ;  and  thus  you  find  the  Gallons 
of  Wine,  Corn,  ^c.  both  by  the  Sliding- Rule  and 
Plain  Scale. 

11.  Again,  putting  H=  Height  of  a  Cylinder, 
and  D  =  t^e  Diameter  of  its  circular  Bafe  ;  alfo  S 
“  the  folid  Content  or  Capacity  in  Gallons  ;  then 
dd :  DD  ::  f  i  :  A  ;;)  H  :  S.  Now  let  D  =  50  Inches, 
and  H“  15,  the  Area  of  fuch  a  Cylinder  will  be 
thus  found  by  the  Sliding- Rule.  Set 

Slider,  to  2500  on  the  Rule;  then  againft  1 5  on 
the  Slider,  is  104  on  the  Rule  ;  and  fo  many  Gal¬ 
lons  of  Ale  would  fuch'  an  hollow  Cylinder  contain. 

12.  But  lince  dd:i::DD:A,  (Art.  9.)  there¬ 
fore  d  :  I  ::  D  :  v^A  ;  and  for  the  fame  Reafbn  d 

:-/H::D:v'S.  Confequently,  if  a  fingle  Line  of 
Numbers  be  made  to  hide  by  a  double  one.^  if  you  fet 
d  on  the  fingle  one  to  i  on  the  double  one.,  then  againfl: 
D  on  the  former.,  you  have  A  on  the  latter.  Alfo, 
if  ngainft  d  on  the  Jingle  Line.,  you  fet  H  on  the 
double  one  ;  then  againft  D  on  the  former,  is  S  on 
the  latter.  By  this  means  therefore,  having  only 
tlie  I) inmeter  and  Height  of  a  Cylinder.,  the  Area  of 
the  Bafe,  and  folid  Content  of  the  faid  Cylinder,  is 
immediately  known.  The  Reafon  of  the  Method 

here 
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here  delivered,  appears  from  what  has  been  already 
faid  in  the  Chapter  of  Injirumental  Operations, 

13.  Now  d  = 

■  359^^5^^  Which  Numbers Gall. 
j  i/  294,12=1:17,15  are  called  thej  V/ine  Gall. 
J  v'”  342,24=18.  5j  Gmge  Points  j  Corn  Gall 

^i/2737,92=:52,32  J  . .  •  I^Corn  Bulb. 

And  accordingly  on  the  hngle  Line  of  Numbers  a- 
gairift  thofe  Gauge  Points  there  is  a  fmall  Stroke  ('), 
by  which  are  fet  the  Capitals  AG,  WG,  MB,  to 
iignify  they  are  the  Gauge  Points  for  Ale  GallonSy 
Wine  Gallons^  and  Malt  Bujhels, 

14.  Therefore  in  the  foremention’d  Cylinder,  whofe 
Height  H  was  =15  Inches  *,  and  the  Diameter  of 
its  Bafe  D  =  50  ;  in  order  to  find  the  Area  of  the 
•Bafei  and  Capacity  of  the  Cylinder  in  Gallons,  by 
the  Sliding-Riile ;  fet  i  on  the  Slider  to  the  Gauge 
Point  for  Ale  18.95  on  the  Jingle  Line^  then  againft 
the  Diameter  D  =  50,  on  the  fingle  Line  is  6  -h  on 
the  double  Line  on  the  Slider,  the  Gallons  of  Ale  in 
the  Area  of  the  Bafe. 

Secondly,  Set  the  Gauge  Point  18.95  to  the  Height 
1 5  on  the  Slider,  then  againfl  the  Diameter  50  on 
the  fingle  Line  is  104  =  S  on  the  double  Line  or 
Slider  *,  therefore  the  Capacity  of  the  Cylinder  is 
104  Gallons,  Ale-Meafure^  as  before. 

15.  Or  thus,  with  the  ftngle  Line  and  Compares 

only.  Set  one  Foot  in  the  Gauge  Point  18,95,  and 
extend  the  other  to  D  =  50,  this  Extent  turn’d 
twice  over  from  i  will  fall  on  6  —  A  =  the  Area 

of  the  Bafe  in  Gallons  of  Ale.  The  folid  Content, 
in  this  Cafe,  will  fall  beyond  the  fingle  Line,  or  elfe 
might  be  performed  in  the  fame  manner. 

16.  With  the  double  Lines  of  Numbers,  on  the 
Sliding  Rule,  thus.  Set  the  Gauge-Point  18.95  on 
the  Rule  to  the  Diameter  50  on  the  Slider,  and  mark 
the  Number  on  the  Slider  agiainil  i  on  the  Rule  ; 

Zj 

G  g  2  then 
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then  againft  that  Number  on  the  Rule  you  have 
6  ^*^0  =  A  the  Area  of  the  Bafe  on  the  Slider.  Alfo 
mark  the  Number  on  the  Slider  againft  the  Height 
15  on  the  Rule,  then  againft  that  Number  on  the 
Rule  is  104  on  the  Slider,  the  Capacity  of  the  Cy¬ 
linder  as  before  ;  and  thus  both  the  Area  and  Soli¬ 
dity  are  found  at  once  fetting  the  Rule.  The  fame 
is  performed  by  the  double  Line  and  Compaftes, 
thus;  Set  one  Foot  in  the  Gauge  Point  18,95,*  and 
extend  the  other  to  the  Diameter  50,  the  fame  Ex¬ 
tent  will  reach  at  twice  from  i  to  6  -ro  the  Area ; 
and  from  the  Height  15  to  104  folid  Capacity  in 
Ale  Gallons. 

17.  In  this  manner  may  Gauge-Points  be  found 
for  right-lined  Areas :  for  let  any  fuch  Area  given 
in  Cubic  Inches  be  called  a  ;  then  (by  Art.  6.)  i  x  ^ 
=  GA,  and  fo  G  :  <3  ::  i  :  A  ;  or  thus  G  :  i  ::  ;  A  5 
therefore  v'  G  :  i  v.V  a'.  V  K. 


Therefore 

t/G=: 


^/  282  =16.79= 

v'  237 _ ^=15*19= 

V'2  1 50,42=46.36= 


AleG. 
W.  G. 

Bufti. 


Call  thefe  Gauge  Points  d  ;  then  d:  1  :V  a  \  /\  = 

the  Area  in  Gallons.  Alfo  d:^/  H.::  a\  V  S  :==. 
the  Solidity  in  Gallons.  Whence  you  may  obferve, 
t.hat  right-lined  Areas^  as  well  as  circular  ones ^  may 
be  found  in  Gallons,  by  the  Jingle  and  double  Line  of 
Numbers  Aiding  by  each  other  ;  but  not  the  Soli¬ 
dity  of  fuch  Solids,  there  being  three  Lerms  of  the 
four  variable,  in  the  Analogy  for  that. 

18.  But  notwithftanding  this,  there  is  a  Method 
whereby  the  Solidity  or  Capacity  of  Solids  or  \Tftels 
may  be  found  (without  knowing  the  Areas  at  allj 
by  the  Breadth^  Lengthy  and  Depth  only ;  which 
call  B,  L,  D  ;  and  S  =  Solidity,  and  G  =  the  Gallon 
or  Bufnel,  as  before.  Now  fince  BDL=GS,  there¬ 
fore  BD  =  ^  S  =  Gx™  xS;  and  fo  G  x  ^  :  B 
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::  D :  S.  But  becaufe  ^  Is  the  Reciprocal  of  L, 

therefore  the  Line  of  Numbers  on  which  you  feek 
L  muft  be  inverted ;  and  becaufe  the  Logarithm  of 
G  is  added,  the  Number  G  muft  always  begin  the 
inverted  Une^  or  be  placed  equal  to  i  on  the  direct 
■  Line,  Thefe  things  premifed,  ’tis  plain  that  if  B  on 
the  Slider  be  fet  to  L  on  the  inverted  Line  order’d 
as  before,  then  again  ft  D  on  the  direct  Line  you 
have  S  on  the  Slider. 

19.  For  Example  *,  Suppofe  a  Ciftern  be  80  In¬ 
ches  long,  50  broad,  and  40  deep.  Quaere  the  Con¬ 
tent  in  Buftiels  ? 

Here  G=  2150,42,  and  for  the  Purpofe  of  Malt- 
Gauging  there  is  on  fome  Rules  an  inverted  Line  of. 
Numbers  fix’d  on  one  Side  the  Slider  beginning  at 
2150,42  as  before  faid  ;  then  on  fuch  a  Rule  fet 
50  =  B  qn  the  Slider  to  80  =  L  on  the  inverted 
Line,  and  againft  40  =  D  on  the  diredl  Line  on  the 
Rule,  you  have  74=Szz:the  Number  of  Bufhels  the 
Cifiern  will  contain.  And  thus  you  might  proceed 
for  Gallons,  had  you  inverted  Lines  beginning  at 
282,  231,  268.8. 

20.  In  gauging  Cafks^  the  principal  Confideration 
is  the  Curvature  of  the  Staves  ;  as  A  B  D.  Fig, 
XXXIX.  which  Gaugers  reduce  to  four  Degrees ^  or 
Varieties,^  viz. 


Variety  I.  Thofe  Cafics  whofe  Staves  are  moft 
I  curved  or  bent,,  are  confider’d  as  the  middle  Zone  or 
Fruftum  of  a  Spheroid^  fuch  as  Fig,  XXXIV. 

'  Variety  II.  If  the  Staves  are  not  quite  fo  much 
i  arching  or  hent,^  the  Calk  is  fuppofed  to  be  the  mid- 
5  die  Zone,,  or  Fruftum  of  a  Parabolic  Spindle,,  as 
^  XXXVII. 

Variety  III.  When  the  Staves  of  Cafics  are  but 
tj  very  little  curved,,  they  are  reputed  to  be  in  the 
\  Form  of  the  Fruftums  pf  two  equal  Parabolic  Co¬ 
noids^ 
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noids^  join’d  together  at  the  wideft  Bafes.  See  Ftgl 
XXXVI. 

Variety  IV.  When  the  Staves  are  ftrait  from  the 
Bung  to  the  Head,  as  the  prick’d  Lines  AB,  BD, 
for  very  nearly  fo)  then  ’tis  plain  fuch  a  Calk  con- 
fills  of  the  Fruftums  of  two  equal  right  Cones^  fet 
together  at  the  greater  Bafes.  Fig,  XXXIX. 

21.  The  Calks  being  reduced  to  thefe  four  Va¬ 
rieties,  if  you  multiply  the  Difference  between  the 
Head  and  Bung  Diameters 

Lo.55}  L  IV  J 

and  then  add  the  Produ6l  to  the  Head  Diameter, 
then  that  Sum  fhall  be  a  mean  Diameter^  or  that  of 
a  Cylinder  -,  whofe  Height  and  Capacity  is  equal 
to  that  of  the  Cajk,  as  near  as  polTible. 

22.  For  Example  ;  Let  there  be  a  Calk  ADEG, 
whofe  Bung-Diameter  BE  =  31.5  Inches,  and  Head- 
Diameter  AG=24,5  ;  then  their  Difference  is  BE 
— AG=7. 

r-  r  .1  The  mean  Diameter 

Confequently\ 7x0.6  =28,7  / 

24»5  “i“  j7^°‘  5  29,05^  equal  to  the 

Having  found  the  Areas  (by  Art.  8,9,  10,  12)  to 
be  2,2385  ;  2,2941,  &c.  Ale  Gallons and  fuppo- 
ling  the  Length  of  the  Calk  42  Inches,  =  HL. 

Then  the  Contents  T 2,23  85x42=  94.03 "J 

according  to  the)  2,2941  X  42=  9^*35  (  Ale 
fe veral  V arieties  12,3 504 x42=  98.71^  Gallons, 
will  be  : . ^2,7\.oy'^x^'2.=ioi,ioj 


And 


f 
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And  thefe  being  all  the  principal  Articles,  wherein 
the  Ufe  of  inftrumental  Logarithms^  or  the  artificial 
Line  of  Numbers  is  direc5i:ly  concerned,  I  fhall  fay- 
no  more  on  the  Head  of  Gauging ;  but  proceed  to 
the  next  Article  of 

timber  Meafure, 

23.  Every  Piece  of  timber  is  a  Solid,  like  to  fome 
one  or  other  of  thofe,  whofe  abfolute  Menfuration 
was  fhewn  in  the  lall  Chapter,  viz.  The  Frufium  of 
a  Cone^  a  Cylinder^  the  Frujium  of  Pyramid^  ^Pa-^ 
rallelopipedon^  Prifm^  &c. 

24.  In  whatever  Form  the  Piece  happens  to  be,  ’ 
find  the  Content  or  Solidity  in  Inches,  as  there  taught ; 
which  divide  by  1728,  (the  folid  Inches  in  one  Foot 
of  Timber)  the  Quotient  is  the  folid  Content  in  Feet, 
But  that  the  Analogies  for  Operation  by  Inftru- 
ments  may  be  evident,  I  fhall  make  ufe  of  the  fore¬ 
going  Method  in  Gauging,,  by  putting  B  =  the 
Breadth,  D=  Depth,  L  =  Length,  Gz=i2,  and 

S  =  Solidity,  all  in  Inches.  Then  fince  =  S, 
therefore  BDL  =:G^S^  but  —  =  the  Length  in  Feet^ 

I  2 

which  let  be  F,  then  BD  —  =  GGS  =  BDF  5  and 

12 

confequently  GG  :  BD ::  F  :  S. 

25.  Now  if  the  Piece  of  Timber  be  in  form 

of  a  fquare  Prifim^  then  the  Bafe  BD  is  a  fquare 
Number^  which  call  gg  ;  whence  GG  :  F :  S  ; 

and  therefore  G :  g  ::\^F  :  S.  Wherefore,  hav¬ 
ing  a  fingle  and  double  Line  of  Numbers^  by  the  Sli¬ 
ding-Rule,,  fet  G  zz  1 2  on  the  fingle  Line,,  to  the 
Length  in  Feet  F  on  the  double  one  ;  then  againfi: 
g  on  the  fingle  Line  is  S  =  Solidity  on  the  double 
Line  on  the  Slider.  Example,  Suppofe  a  Piece  of 
Timber,  the  Side  of  whofe  fquare  Bafe  is^zzi5 

Inches, 
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Inches,  the  Length  18  Feet=F;  Qnere  the  folid 
Content  S  ? 

Set  the  conftant  Point  G  =  12  on  the  Jingle  Line  to 
the  Length  in  Feet  F  =  1 8  ;  then  againft  the  Side  of 
the  given  fquare  Safe  ^=15  Inches,  ■  on  the  former, 
is  28  :=:S=:  the  Number  of  the  folid  Feet  in  the 
Piece,  on  the  latter.  Or  with  the  Compafles,  ex¬ 
tend  from  1 2  to  1 5  on  the  fingle  Line^  the  fame  will 
reach  from  18  to  28=8  in  the  double  Line,  the 
Anfwer  as  before. 

26.  But  if  you  have  no  fingle  Line^  proceed  with 
the  double  Line  on  the  Sliding-Rule  thus :  Set  the 
conftant  Number  GG=:  144  on  the  Rule  to  the  given 
Square  ^^1=2  2  5  on  the  Slider*,  then  againft  the  Length 
in  Feet  F  =  18,  on  the  Rule  is  28  =  S  zrthe  folid 
Feet  on  the  Slider,  ©r,  with  the  Compafles,  ex¬ 
tend  from  144  to  225,  the  fame  Extent  will  reach 
from  18  to  28  the  folid  Feet,  as  before.  Otherwife 

by  the  Analogy  G  i/ F  :  i/ S ;  thus,  fet  the  con¬ 
ftant  Point  G=  12,  on  the  Rule  to  the  given  Side 
15,  on  the  Slider,  and  mark  the  Point  on  the 
Slider  againft  1 5  on  the  Rule,  bring  that  Point  to 
12  on  the  Rule  ;  then  againft  F  zz  18  on  the  Rule, 
is  28  zz:S  on  the  Slider,  the  Solidity  as  before.  But 
much  better  with  the  Compafles,  thus  *,  Extend  from 
12  to  15,  that  Extent  turn’d  twice  over  will  reach 
from  1 8  to  2  8  zz  S,  as  before. 

27.  If  the  Piece  be  in  the  Form  of  a  Parallelepi- 
pedon,  that  is,  hath  its  Breadth  and  Depth  unequal  *, 
then  the  common  way  is  to  add  the  Depth  and 
Breadth  together ;  and  to  take  half  that  Sum  for  the 

Side  of  a  mean  Square,  viz.  Aen 

they  imagine  gg  zz  BD,  and  fo  meafure  the  Piece  as 
before.  But  this  is  a  very  erroneous  way  ;  and  the 
more  fo,  as  the  Difference  between  the  Breadth  and 
Depth  is  greater.  For  fince,  (in  order  to  reduce  this 
Piece  iro  a  fquare  Prifm)  BD  =  ^  ’tis  evident 
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§■  "=  v^BD  ;  that  is,  a  mean  Proportional  between  B 
and  D,  (for  B :  1/  BD ::  -v/  BD  :  D)  and  not  their  half 

Sum  ;  as  they  ignorantly  fuppbfe. 

,  4  .  -1  .  .  ,  •  «  in  ; 

28.  For  Example  ;  Suppofe  a  piece  of  hewn  Tim* 
.her  in  form  as  aforefaid,  whofe  Breadth  is  22,5  In¬ 
ches  zz:  B,  the  Depth  or  Tbicknefs  10  Inches  ==  D, 

.  -and  Length  1 8  Feet  =  F  j .  what  is  the  folid  Con¬ 
tent  ?  , 

29.  Find  a  mean  Proportional  81=22,5  and 

D  =:  lOf  (as  heretofore  taught)  it  Ihall  be^  ==  15 

=±  i/BD  t  and  therefore  C  ==  144  225  ::  FiziS 

:  S  =  285  as  before.  But  according  to  the  comhion 

faife  way,  ^  =i 6,25, and  fo ^^=264 ,0625, 

2’ 

-which  is  greater  than  the  true  Area  of  the  Bafe  BD 
r—  225  by  39,0625  fquare  Inches,  Alfo  fet  G  =  12 
on  the  Jingle  Line  of  Numbers  to  the  Length  F  ===  1 8 
Feet  on  the  double,  then  againft  (the  falfe)  ^=1:16,25 
on  the  former,,  is  32I  =  S  oh  the  latter.  But  32I 
'  - —  28  ==  4I  Feet  more  than  is  really  in  the  Piece. 

.  29.  Becaufe  B  D  F  ==  S  ;  therefore  BD 

^  S  *,  and  fo  we  have  G""  x  p  :  B  ::  D  :  S.  If  then 

you  have  an  inverted  Line  of  Number^  beginning 
from  G^==  144  placed  on  ohe  lide  the  Slider,  with  a 
i  -direPt  Line  on  the  other;  then  may  xh^  folia  Content 
'  in  Feet  be  found  by  the  B,  D,  and  F,  as  taught  in 
Art.  18.  hereof,  thus  ;  Set  B  =  22,5  on  the  Slider, 
to  F=i8,  on-'the  inverted  Line  \  then  againfi:  D 
i  -  ==  10,  on  the  direH  Line  is  28  S,  On  the  Slider^ 

I  the  folid  Feet  as  before. 

36.  If  the  Timber  be  in  Form  of  the  Frujlum  of 
i  a  fquare  Pyramid^  as  Fig.  XXX.  the  Theorem  for 
i  its  Solidity  in  Inches  is  HDd  -f-  as  per  laft 

I  Chap.  Art.  23.  Therefore  HDd  -f-  \Fixx  G^S 
I  (where  8==  Solidity  in  cubic  Feet'  and.fihce 
[  1=  the  Length  in  Feet,  therefore  FDd  iFxx  ^ 

H  h  ,  G 
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CS,  coniequently  :  F  ::  Di  :  S.  Example^ 
Suppofe  a  Piece  of  Timber  25  Inches  fquare  at  the 
greateft  end,  9  Inches  fquare  at  the  leffer  End,  and 
20  Feet  long,  how  many  folid  Feet  is  there  in  fuch 
a  T  ree  ? 

Here  F  1=  20,  Di-=225,  and  i^:v=:85,3',  there- 
'fore  Dd‘-(-T^Y^=3io,3' ;  wherefore  G''=i44  :  F=:20 
::  310,3' :  43,i=:S,  the  Number  of  folid  Feet  as  re¬ 
quired.  Note,  the  common  way,  by  fuppofing  the 

Square  of  ~  X)^  3X  X  is  very  falfe  5  and  in 

this  Inflance  would  not  give  the  Solidity  above  40,  l 
Feet,  which  is  three  Feet  lefs  than  the  Truth. 

31.  If  the  Bafes  of  the  Frufium  be  Parallelograms^ 
as  is  the  Cafe  of  moft  Pieces  of  hew*d  lumber  \  then 
they  may  be  reduced  to  Fruftums  of  fquare  Pyra¬ 
mids^  thus  ;  Let  A  =  the  Area  of  the  greater  Bafe, 

a==:Area  of  the  lefler.  Then  A=D,  and  i/a 
=  d  j  and  i/ A  x  a  =  D  ^  >  alfo  fince  D""  +  2  Di 
dd=-  XX,  therefore  A  —  2  y'Axa-J-a=;^A; ;  and  fo 

3. - E —  _  — I - .  coniequently,  G  :  F  :: 

3 _  _  ^  3 

■3-  A  4-  i/ A  X  a  4"  2. :  S  ==  the  Number  of  folid  Feet 
in  fuch  a  Tree. 

32.  For  Example  ;  Suppofe  a  Piece  of  fquared 
Timber  be  32  Inches  broad,  and  20  deep  at  the 
larged  End  ;  and  i  o  broad  and  6  deep  at  the  Jefler 
End  *,  the  Length  1 8  Feet-,  Quaere  the  folid  Content.^ 

Here  A  —  32  x  20  =  640,  and  a  =;  10  x6=s=6o; 

and  i^  A  X  a  rrr  i/  38400  =  195,959  ;  therefore 

7  A  4"  ^ ^  X  a  4~  a  ==  298,653.  Then  G""  ==  144 
:  F  =  18  ::  298,653  :  S 37,33  the  folid  Feet  re¬ 
quired.  Note,  the  Produd:  of  i  of  the  Girt  of  each 
End  taken  for  a  mean  Area  is  \ try  falfe:,  and  cannot 
be  pradlifed  without  confiderable  Error,  tho*  it  be 
the  common  or  cuftomary  way. 
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33.  If  the  Timber  be  in  form  of  a  Cylinder,  Fig, 
1  XXVIII.  then  putting  a  =r  0.7854,  and  G—  12 
L  Inches,  we  have  (as  per  Art.  8.)  this  Analogy  * 

!  I :  a ::  DD :  DDa  =;the  Area  of  the  Cylinder’s  Bafe  in 
Inches  (fuppofing  D  =  Diameter  in  Inches  ;)  let 
H  =  Height  in  Inches  ;  then  HDDa  =  the  Inches 
:  folid,  whereof  1728  =  one  [olid  Foot,  Con- 

:  fequently,  if  S  =  folid  Content  in  Feet,  HDDa  = 

2  H 

^  G^S ;  and  ^  =  F  =  the  Length  in  Feet,  there- 

t  foreFDDa  =  G*S ;  and  FDD  ^  S  j  and  ^putting 

>  ^ 

dd  ==  183,34  ;  then  FDD^rddSj  wherefore 

i  dd :  DD ::  F  :  S,  or  d  :  D  ::  v/F  :  \/S. 

34.  Or  with  the  Length  in  Inches,  to  find  the 
i  bolidity  in  Feet,  thus;  fince  HDDa  =  G^ S,  there- 

\  fore  putting  —  =  dd,  we  fhall  have  HDD  zr:  ddSi 

I  confequently  dd :  DD  ::  H  :  S  =  Solidity  in  Feet ; 

I  or  :  D  ::  i/Td  :  V"  S.  Wherefore,  if  there  be  a 
i  Jingle  Line  of  Numbers  on  your  Sliding  Rule ;  fet  the 
!  conftant  Number  d  =  46.9  on  the  fingle  Line  to 
'  H  the  Height  in  Inches,  on  the  double  Line  on 
the  Slider  ;  then  againft  D  ==  the  Diameter  of  the 
Cylinder’s  Bafe  in  Inches  on  the  fingle  Line,  is  S  ==. 
the  Number  of  folid  Feet  on  the  Slider  as  required. 
And  if  the  Length  be  given  in  Feet ;  then  the  So¬ 
lidity  is  found,  as  above.  Art.  13. 

35.  If  you  have  no  fingle  Line  on  your  Rule,  you 
muft  work  with  the  Analogies  dd  :  DD  :;F :  S  ;  or 
^^:DD::H:S.  In  the  firft  dd  =:  183,34,  and  dd 
=  2200,152  ;  therefore  d  qs  i3-54  =  Diameter  of 
a  Circle,  when  the  Area  is  144  ;  and  d  =  46,9  =s 
the  Diameter  of  a  Circle,  whole  Area  is  1728  =  the 
Inches  in  a  folid  Foot.  And  thefe  Numbers  being 
conftant  in  all  Operations,  and  the  Method  of  ope¬ 
rating  fuch  kind  of  Analogies  every  way  on  the 

H  h  2  ■  ‘  ’  tijicial 
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iijicial  Lines  of  Logarithms  already  fufficiently  exerrit 
plified  in  the  preceeding  Articles ;  I  fhall  not  here 
again  repeat  it. 

36.  7’he  common  way  of  meafuring  round  L’im- 
ler^  is  by  girting  them  about  the  Middle  with  a 
Strings  and  taking  I  of  the  Girt  for  the  ^ide  of  a 
Square  equal  to  a  ynean  circular  Area^  fuch  as  would 
reduce  the  propofed  Piece  to  a  Cylinder,  But  this 
is  alfo  very  falfe  and  vingeometricai.  For,  fince  the 
Area  of  that  Circle,  whofe  Circumference  is  i,  is 
0.07958  j  and  the  Area  of  that  Square,  whofe  Side 
is  ,25  (“J  of  the  faid  Circumference^  is  0.0625, 
and  the  Solidities  being  in  proportion  to  thefe  Num¬ 
bers,  wz.  as  0,07958  ;  0.0625 ;  that  is,  as23toi8; 
’tis  evident,  the  Content  by  this  falfe  way  is  above 
i  lefs  than  what  it  really  is  ,  which  Lrror^  if  it  be 
not  confiderable  enough  to  be  regarded  and  corredled, 
is  great  pity  indeed. 

37.  Therefore  to  meafure  a  Piece  of  round  tape- 
ring  timber  truly,  it  muft  be  confidered  as  the  Fruftum 
of  a  right  Cone  5  whofe  folid  Content  in  Inches  is 

found  by  the  Theorem  C>d  -f-  ^xx  x  0,78541!,  as  per 
Art.  25.  of  the  laft  Chapter.  Now  putting  0.7854 
=  a,  and  m  1728,  the  cubic  Inches  in  a  folid 

foot;  the  Theorem  will  become  'Dd-\-\xxx^  H 
—  G^S ;  and  again  fince  A  H  1=  F,  the  Length  i 


in 


Feet ;  therefore  -f-  \xx  x  a  F  ^  G^S  ;  alfo  put 
^  =?dd;  and  then  13i  +  F  ~  ddS  ;  where¬ 


fore  we  have  dd  :  Dei  -y-ixx  ::  F  :  S  =  the  folid  Con¬ 
tent  in  Feet. 

38.  For  Example;  Suppofe  a  Piece ,  of  rotind 
Timber  be  36  Inches  Diameter  at  one  End,  and  9 
Inches  Diameter  at  the  other;  and  24  Feet  long  ; 
quaere  the  Solidity  in  Feet  ? 

Here  D  =  36,  ^=9,  D  —  dz=zx=:2y^  Dd  =: 
324,  =3  243^  Dd  ixx  —  and  F  —  24. 

There- 
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'Therefore  the  Analogy  is  as  dd=:  183,34  :  567  ::  Bh 
==  24 :  S  74,22  the  folid  Feet  required  *,  as  may 
hp  wrought  by  the  Lin^s  of  'Numbers  in  any  of  the 
before-mention’d  ways. 

*  •  A 

P/Measuring  Land. 

39.  What  I  principally  defign  here,  is  to  fhew, 
how  the  true  Area  or  Content  of  a  Plot  of  Land  is 
to  be  found  by  the  artificial  Line  of  Numbers^  in 
Acres  and  Decimal  Parts.  The  Dimenf  ons  of  a  Bheld 
are  commonlv  taken  in  Rods  or  Poles ;  each  con¬ 
taining  16  f  Feet.  Of  thefe  Poles,  40  in  Length 
and  4  in  Breadth  make  an  Acre  ;  or  an  Acre  is 
160  fquare  Poles.  Some  (and  indeed  mod)  ufe  a 
Chain,  called  GuntePs  Chain.,  in  taking  Dimenlions  ; 
which  conhfteth  of  100  Links,  and  the  whole  in 
Length  =:  4  Poles  or  Rods.  And  fo  10  of  thefe 
fquare  Chains  make  an  Aicre. 

4Q.  The  Field  being  meafur’d  with  the  Pole,  if 
it  be  in  Form  of  a  Parallelogram^  put  L  ==  Length, 

and  B  rz;  Breadth  ;  and  then  it  will  be  —  =  A  = 

‘  ■  160 

the  Number  of  Acres  ;  therefore  LB  160  A  ;  and 
\  fo  we  have  1 60  :  L  n  B  :  A  5=  the  Acres.  For  Ex- 
?  ample,  fuppofe  a  Field  be  35  Pole  broad,  and  185 
Pole  in  length  ;  how  many  Acres  doth  it  contain 
Set  1 60  on  the  Rule  to  1 8  5  on  the  Slider,  then  a- 
ji  gainft  35  on  the  Rule  is  4of  nearly,  the  Number  of 
i  Acres  required. 

!  41.  If  the  Field  be  in  Form  of  a  Triangle,  and 

:£  meafur’d  with  a  Rod  or  Pole  ;  then,  having  plotted 
I  it  and  meafur’d  the  Bafe  and  perpendicular  Height, 
r  which  call  B  and'H  ;  then  B  x  =  160  A  ;  and  fo 
;  ’  1 60  :  B  ::  |H  :  A  zn  the  Acres  as  before, 

i  42.  If  the  Field  be  in  Form  of  a  Trapezium^  as 
^  Fig.  XL.  then  becaufe,  by  drawing  the  Diagonal 
j  AB,  it  is  reduced  to  two  Triangles  ACB,  ADB, 

and 


/ 
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and  calling  the  two  Perpendiculars  Cc  and  Dd,  H 
and  h  \  and  the  common  Bafe  AB,B ;  we  have 


- [-  —  =:H-W>^xfB=:  1 60 A.  Therefore  160 

2  2  ‘ 

:  IB  ::  H  h  i  Kz=.  the  Acres  contain’d  in  the  Tra¬ 
pezium  ACBD. 

43.  If  the  Field  be  of  a  multangular  Form^  it  muft, 
when  plotted,  be  reduced  to  feveral  Fr tangles  and 
trapezia},  and  then  meafur’d,  as  per  Art.  41,42. 
In  cafe  you  take  the  Meafures  with  a  Chain  of  4  Rods 
or  100  Links,  then  the  Analogies  for  Operation 
will  be  the  fame  as  above,  only  inftead  of  1 60  you 
muft  life  10;  thus  io:L::B:  A.  Art.  40.  and  10 
:  B  ::  |H  :  A.  Art.  41,  All  which  is  fo  eafy  as 

to  need  no  Example,  nor  any  thing  more  to  be  faici, 
concerning  it. 


CHAP. 


r 
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CHAP.  XVI. 

^he  VraStical  Use  of  the  Logisticai. 

Logarithms. 

«  *  « 

i.  rr^HE  "Nature  and  ConftruEiion  'Logijlical 
X  'Logarithms^  having  been  fufficiently  incul¬ 
cated  in  Chap.  IV,  it  renlains  now  that  I  fhew  their 
Ufe  in  fome  Cafes  of  pradlical  Aftronomy,  for  in 
other  refpeds  it  is  very  little.  But  in  finding  the 
Places,  Diftances,  ^c,  of  the  heavenly  BoMes^^thQ 
Calculation  of  Eclipfes,  they  are  very  neceflary' 
for  finding  the  proportional  Parts,  as  will,  in  fome 
Degree,  appear  by  the  following  Examples. 

2.  Example  i.  Admit  the  mean  Anomaly  of  the 
^un  be  4®  7^48'  ^4'' y  what  is  the  true  Equation y 
and  Logarithm  of  his  DIftance  from  the  Earth 

Mean  A- c  4^  7®  )  Equa-  c  r^33'49''''  1  Lo-^C  4*995607 
nomalies  t  4  8  3  tionsi  i  32  36  3  gar.  14.995501 

■  ,1  I  ^  'j  "  ■ 

Differences  iz=6o^  i  13  lob 


Then  for  the  Proportional  Parts  of  the  Equation,  fay 
by  the  Logiftical  Logarithms,  ,  - 

If  one  Degree,  or . *  .  .  .  60'  00'^=  o 

give  the  Diiference  .  .  i  13  =16930 

what  gives  the  Anomaly •,*.*,  .  .  48  14  =  ‘  948 

Anfwer,  the  prop.  Part  .  .  .  .  .  o  59=17878 

^  This  fubftradted,  fbecaufe  the  Equation  is  de- 
ireafing)  from  the  Equation  32'  49^^^  (anfwering 

I  the 
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the  Anomaly*  4®  f)  leaves  the  true  Equation  :=s 
32'  as  was  requir’d. 

L  3.  Then  for  the  proportional  Part  of  the  Loga¬ 
rithm  fay 


One  Degree,  of  .  .1  .  ...  .  .  i  .  .  .  .  60'  00^ ~  o 
gives  the  Difference  of  Logarithms .  .  106=1 53  icf 

what  gives  the  Anomaly  ....  ...  .48'  948 


Anfwer,  the  Proportional  Part 


85=16258 


'Which  fubdu6i:  froni  the  Logarithm  4,995607,  ati- 
fwering  to  the  Anom.  4®  7^  there  remains  4,995522, 
the  'true  Logarithm  of  the  Sttn^s  Difiance  from  the 
Earth  5' as  required.  ‘ 

;•*  .  7  t  rf  r  .  »  f  j  .  ,  .  :  . 

W  ■.  ;  JL  .  ■  i  c  A  A  V. 

t 

•  ^ 

4.  Example  II.  Siippoffe  the  Moon’s  annual  Ar- 
"gUmenfhW  51'  37^^  what  is  the  Equation  of  the 
Apogee  and  Etcentricity  of^her  Orb  ? 

Aunual  yC  29^  1  Equa-  C  8^  53'  8^''  1  Eccen-  c  60392 
Argum.  {30  I  tion  (9  07  14  y  tricity  1 61045 

Differences .  1=66'  14  6  653 


\ " 

Then  fot  the  Equation  of  the  Apogee,  fay 

If  one  Degree,  or  .  60'  00'''=:  o 

give' the  Difference  .  .  ....  14^  6^''— 6289 

what  gives  . . . •  51'  37^:=  654 


Anfwer,  the  Prop.  Part ....  12'  2"  6943 
'To  which  add  the  Equation  53'  agreeing  to 

— : - the  an.  Arg. 

29®  ;  -the  Sum  is  .......  9^  05'  16^^  the  true  E- 

quation  of  the  Apogee  as  required. 


5.  Then  for  the  true  Eccentricity,  fay 

f  ► 

u 
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If  one  Degree,  or .  60'  00'^=:  o 

give  the  Difference  of  Eccentricity  .  .  653  =7414 

what  will  the  Part . 51^  37  =  654 

Anfwer,  the  Proportional  Part  .....  562  =8068 
To  which  add  the  Eccentricity  .  .  .  60352 

The  Sum  is  the  true  Eccentricity  .  .  60954,  as  re^ 

quired. 

6.  In  like  manner  the  Equation  of  the  Moon’s 
Center,  Latitude,  Inclination  of  Limit,  and  Loga¬ 
rithmic  Diftance  from  the  Earth  may  be  found.  Alfo 
the  fame  things  are  in  like  manner  found  for  any 
of  the  Planets,  of  which  there  needs  no  more  Ex¬ 
amples. 

7.  Example  III.  In  an  Eclipfe  of  the  Moon,  ad¬ 

mit  her  horary  Motion  be  30^  3?^^,  and  the  Sun’s 
2^  \  then  the  horary  Motion  of  the  Moon  from 

the  Sun  will  be  28^  4'''':  and  fuppofe  the  Moon  hath 
pafs’d  the  Sun  by  the  Diftance  19' 4''^rz4744''^  5 
What  is  the  Time  requilite  for  that  Motion  ?  Say 
thus, 


As  the  horary  Motion  of  the  Moon  jo/  _ 

from  the  Sun . c  ^  4—33^^ 

is  to  one  Hour . 60  0=:  o 

So  is  the  Diifance  pafs’d  above  56'  c  / 

«//  a,;-  I  5^—4177 


To  the  Time  above  2  Hours,  ^iz.  .  .  49^  ooz=z  877 

Therefore  2^  49^  were  pafs’d  lince  the  trueOppofttion^ 
or  Moment  of  the  Eclipfe. 

Note,  becaufe  in  this  Cafe  the  Motion  of  the 
Moon  from  the  Sun,  performed  in  i  Hour,  is  28^ 
;  therefore  56^  W  will  be  paffed  in  2  Hours :  But 
the  prefent  Diftance  of  the  Moon  from  the  Sun  is 

I  I  79^ 
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79^4^'',  which  becaufe  it  exceeds  the  Table  of  Lo- 
giftical  Logarithms^  therefore  fubdudf  the  Motion  of 
two  Hours,  viz.  79'  4^*^ — 56^  8^—22^  ^6"  ;  and  this 
Excefs  of.  Motion  will  give  the  Excefs  in  Time  a- 
bove  2  Hours  ;  as  in  the  Example.  And  thus  you 
proceed  when  the  Diftance  of  the  Moon  from  the 
Sun  exceeds  one  Degree,  or  the  Table. 

8.  Example  IV.  Suppofe,  in  a  Lunar  Eclipfe^ 

the  Semidiameter  of  the  Moon  be  15^  15^^,  and  the 
Difference  between  the  Moon^s  Latitude^  and  Su/U  of 
the  Semidiameters  of  the  Moon  and  the  Earth’s 
Shadow  be  9^  *,  Quaere  the  Digits  eclipfed  ? 

Note,  the  Semidiameter  of  the  Moon  is  always 
fuppofed  to  be  6  Digits,  or  equal  to  6  Degrees. 
Therefore  fay,  ^  ' 

As  the  Semidiameter  of  the  Moon  15'  15^^—  5949. 

Is  to  fix  Digits  . . 6^  00'  00'''^— 10000 

So  is  the  faid  Difference .  9'  1^^—8231 

To  the  Digits  eclips’d . 3^  32^  51^^—12282, 

9.  Example  V.  In  a  Lunar  Eclipfe,  let  the  Scru^^ 

pies  of  Incidence  be  30'  and  the  horary  Motion 
of  the  Moon  from  the  Sun  be  28^  \  to  find  the 

Time  of  half  Duration*.^ 

Here  becaufe  28^  47^' :  60' ::  30'  17^' :  a  fourth 
Num.ber  greater  than  60',  and  fo  confequently  be¬ 
yond  the  Extent  of  the  Table ;  therefore  (as  in 
Art.  7.}  from  30^  if  fubdud  the  Motion  for  an 
Hour,  vix.  28^47^',  and  to  the  Remainder  i' 30''^ 
find  the  Time  thus ; 

As  the  Motion . 28^  319*^ 

Is  to  an  Hour . 00” ~  o 

So  the  remaining  Scruples . 30^— 16021 

To  the  Time  . 


3'  8^1^:12831 

The 
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The  Time  fought  therefore  3'  the  double 
of  which  is  2^  6'  16'''',  the  Time  of  the  whole  Du- 
^  ration  of  the  Eclipfe. 

I 

10.  Example  VI.  If  the  diurnal  Motion  of  the 
Sun  be  59^  S",  what  is  the  Motion  for  7  Hours 

!  I 

j  • 

I 

i  . 

I  Say,  as  one  Day  .......  24^  00'  00''^=  6 

Is  to  its  Motion .  59^  63 

So  is  the  Time  . . 7^  15^  0^—5197 

V 

— .  .»■■■.  r  ..  ,  , 

To  the  Motion  therein  ....  17'  52^—5260 

11.  Example  VII.  If  the  .mean  Motion  of  the 
Moon  in  one  Hour  be  32^  56^^,  hoW  far  doth  fhe 
move  in  17^  45'  ? 

Say,  as  one  Hour  .  .  00'  00^^=1^802 

Is  to  its  Motion  ....  32'  56^^=1:20392  7 

,  So  is . .  .  *  17^  45'  00  =  1309 

'■II.  WIW,  111^ 

2  I  701 


To  the  Motion  required  ..  9*^  44'  00^'=  7899 

Thus  the  Motion  in  24  Hours,  or  one  natural  Day, 
will  be  found  13^  10'  35^^ 


12.  Tht  Logiftical  Logarithms  may  alfo  be  ufed 
with  common  Logarithms,  Thus  fuppofe  you  would 
hnd  the  Logarithmic  Sine  of  18^  16' 47'^,  proceed 
thus  ; 


The  Logarithmic  Sine  of  . 


18^  i6^zr:9.496i54 
18  iy'=o.4C)6s^y 


The  Differences 


I  i  2 


i'=6o"  383 

Now 


=2.4551 
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Now  the  Proportion  is,  6o"  :  383  ::  47  :  the  Pro- 
.portionai  Part.  But  fince  the  Logijtical  Logarithms 
of  47''  and  60'^  are  reciprocally  as  .thofe  Numbers, 
and  that  of  60  is  nothing  ;  therefore  (the  Differences 
of  the  common  Logarithms  being  proportional  to  the 
Numbers  60"  and  j\.f)  fay, 

As  the  Logiftical  Logarithm  of  ... .  43^'"=  ^447 
is  to  the  Logiftical  Logarithm  of .  .  .  60  =  o 

So  is  the  common  Logarithm  of,  .  .  383  =2.5998 

To  the  common  Logarithm  of  the  1  « 

proportional  Part . .  .  .  j  ^ 

Which  add  to  the  common  )  ^ 

Logarithm . J  9-496i54 

The  Sum  is  the  Logarithm  .  .  .  9.496439  of  18°  16^ 
47"  as  required.  And  thusjproceed  in  any  other  Cafe 
of  like  nature. 

13.  The  Logiftical  Logarithms  may  be  ufed  like^ 
wife  with  the  Logarithmic  Sines  and  T angents^  as  in 
finding  the  Parallaxes  of  the  Planets,  t^c.  Thus 
fuppofe  the  Horizontal  Parallax  of  the  Moon  55' 
1 2^^ ;  the  y^ng/e  of  her  Orh  with  the  Horizon  22°  4'*, 
and  her  I^ongitude  in  her  Orb  from  the  Horizon 
-81°  27^,  to  find  her  Parallax  in  Longitude. 


From  the  Logiftical  Loga-  ■) 
rithm  of  the  Hor.  Paral.  5 


00°  55' 


//- 


362 


'Sine  of  the  i 

Subdu(ft  thej  Angle.  .  .  3^^ 
Sum  of  the  j  Co-Sine  of^g^ 

Longitude.,  3 


4 

27 


r\  i 

o 


12 

O  =  9-5748 

o  =  9.1722 
viz.  18.7470 

rfl— 


I'here remains theLogIfLo- 5 
gar.  of  the  Par.  in  Long. . .  t 


12892 

14? 


Ch.  XVI.  Logistical  LoGAkiTHMs.  24^ 

14.  Becaufe  when  the  Angle  of  the  Moon’s  Orb 
with  the  Horizon  is  greatefl:  67°  14'  20"^  and  (he  iti 
the  Horizon,  her  greatefl:  Parallax  in  Longitude 
will  be  then ;  and  will  be  foun'd  as  in  the  lafb  Ex¬ 
ample,.  thus ; 

Logift.  Log.  of  the  greatefl:  7  o  ^ 

Hor.Par . i  24  _  17680 

The  Sine  of . 67^  14'  20'^=  9.9648 

Radius . 90°  o  o  z=io.oooo 

Logift.  Log,  of  the  gr.  Par.  7  o  /:'  // 

ikong. _  .  .  .  56  37"=  18032 

15.  To  find  the  Moon’s  Parallax  in  Latitude, 

From  4e  Logift.  Log,  of?  o 
Horizontal  Parallax .  .  .  j 
Subdud  the  Co-Sine  of  the  j 

Angle  of  her  Orb  with  >  22^  4!  0^^=0,0660 

the  Horizon . 3 

Logarithm  of  .  .  1  °°  9"=  693 

which  is  the  Parallax  of  Latitude  fought. 

16.  To  find  the  greatefl:  and  leafl:  Parallaxes  in 

Latitude. 

From  the  Logiftical  Log,  of?  n  ,, 

the  gr.  Hor.  Par . T  ^  24  _  I/680 

SubftradtheCo-Sineoftheleaft  7  o  /  // 

Ang.  of  her  Orb  with  the  Hor.  3^  — 9-9937 

Logiftical  Logarithm  of  the  7  o  ox//- 
grsatefi  Parallax  .....  3  ^  77  3 


Again, 
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Again,  from  the  L.  Log.  of )  o  „//_ 

the  leaft  Horiz,  Parallax .  .3  54  o 9  379 

% 

Subftradl  the  Co-Sine  of  the  i 
greateft  Angle  of  Orb  with  ^  67^  14!  20^— 9.5876 
the  Horizon . 3 


Logiftical  Logarithm  of  the  c  o  ,/c/; 

leaji  Parallax . i  4o  3 

17,  By  thefe  Inftances  the  Reader  will  be  ap¬ 
priz’d  of  the  great  Ufefulnefs  and  Expediency  of 
Logiftical  Logarithms  in  his  Aftronomical  Calcula¬ 
tions.  ;  and  as  the  common  Logarithms  are  laid  on  a 
Rule,  fo  likewife  are  thefe  \  and  fuch  a  Sliding- 
Rule  of  liOgiftical  Logarithms  may  be  very  ufeful 
to  thofe  who  dehre  to  be  more  expeditious  than  exadi 
in  their  Calculations, 


BOOKS  juft  Puhlifljed^  printed  for  J.  FIodges 
the  Looking-Glafs  on  London -Bridge. 

Neatly  printed  in  4  Vol.  i  2  mo.  Price  hound  in  Calf  i  2  emhel- 
lijhed  ^vith  near  an  hundred  Copper-  Plates.,  curioufy  engra<v  d  ly 
the  beji  Mafers  ;  tranfated from  the  French  by  John  Kelly  Efq'^ 
of  the  Inner  Temple;  D.  Bellamy,  of  St-  John’s  College,  Ox¬ 
ford  ;  and  Sparrow,  Surgeon  and  Mathematician  : 

I.  Ik  TAture  Delineated,  being  Philofophical  ConiTrfa- 
tions,  wherein  the  wonderful  W orks  of  Providence,  in  the 
animal,  vegetable,  and  mineral  Creation  are  laid  open,  the  folar 
and  planetary  Syltem,  and  whatever  is  curious  in  the  Mathema- 
ticks  explained.  The  whole  being  a  compleat  Courfe  of  natural 
and  experimental  Philofophy,  calculated  for  the  Inllruflion  of" 
Youth,  in  order  to  prepare  them  for  an  early  Knowledge  of  Na¬ 
tural  Hihory,  and  create  in  their  Minds  an  exalted  Idea  of  the 
Wifdom  of  the  Great  Creator.  Written  by  way  of  Dialogue  to 
render  the  Conception  more  familiar  and  eafy  :  with  a  particular 
Table  of  Contents  to  each  Volume. 

Neatly  printed  in  Ohta^o,  Price  bound  in  Calf  fix  Shillings  [founded 
on  a  Plan  of  the  late  Mr.  Addifon)  imbellifid d  nvith  a  large, 
Variety  of  curious  Cuts,  dra<v:n  and  engra<ven  by  the  befi  Mafiers, 
the  fecond  Edition,  nxlih  ‘very  large  Additions,  of 
II.  A  Philofophical  Accountof  the  Works  of  Nature:  containing, 
I.  The  feveral  Gradations  remarkable  in  the  mineral,  vegetable, 
and  animal  Parts  of  the  Creation;  tending  to  the  Compofition 
of  a  Scale  of  Life.  2.  A  Reprefentation  of  the  prefent  State  of 
Gardening  throughout  Europe  in  general,  and  Britain  in 

particular.  3.  New  Experiments  relating  to  the  Improvement 
of  barren  Grounds,  Timber-trees,  Fruit-Trees,  Vines,  Sallads, 
Pulfe,  and  all  Kinds  of  Grain.  4.  Obfervations  on  the  Huf- 
bandry  of  Flanders,  in  fowing  Flax,  w’hereby  Land  may  be  ad¬ 
vanced  CVz?/.  By  P.  Bradley,  F.  R.  S.  ProfefTor  of  Bo¬ 

tany  in  the  Univerfity  of  Cambridge. 

Dedicated  and  prefented  to  the  Honourable  Society  of  the  Tnnet- 
Temple,  [Price  bound  Pnvo  Shillmgs  and  Six-pence) 

III.  A  new  Treatife  of  Hufbandry,  Gardening,  and  other  curious 
Matters  relating  to  Country  Affairs:  Containing  a  plain  and  practical 
Method  of  improving  all  Sorts  of  meadow,  pafture,  and  arable 
Land,  tAc.  and  making  them  produce  greater  Crops  of  all  kinds, 
and  at  much  lefs  than  the  prefent  Expence  ;  under  the  following 
Heads ;  i .  Of  WTeat,  Rye,  Oats,  Barley,  Peafe,  Beans,  and 
all  other  Sorts  of  Grain.  2.  Turnips,  Carrots,  Buckwheat, 
Clover,  Hemp,  Rape,  Flax,  and  Colefeed,  CjV.  3.  Weld  or 
WTuld,  Woad  or  Wade,  Madder,  Saffron,  ^c.  4.  Meadow, 

Pafture  Grounds,  and  the  different  Alanner  of  feeding  Cattle, 
and  making  other  Improvements,  agreeable  to  the  Soil  of  the 
feveral  Counties  in  Great  Britain.  5.  Hops,  Foreft  and  Fruit 
Trees,  Vine  and  Garden  Plants  of  all  Sorts.  6-  All  Kinds  of 
Tjowers^  Shrubs  in  general,  and  Green-Houfe  Plants.  7.  A 

curious 


curious  Scheme  of  a  Farm,  the  annual  Expence  of  it,  and  its 
Produce.  With  many  new,  ufeful,  and  curious  Improvements, 
never  before  publiflied.  The  whole  founded  upon  many  Years 
Experience.  By  Samuel  'Tro<vjel,  Gent.  '  To  which  are  added, 
feveral  Letters  to  Mr.  Thomas  Linjeings^  concerning  his  Compound 
Manure  for  Land,  with  feme  Praftical  Obfervations  thereon. 

IV.  The  Gentleman’s  and  Builder’s  Repofitory  ;  or  Architec¬ 
ture  Difplay’d :  containing  the  moil:  ufeful  and  requifite  Pro¬ 
blems  in  Geometry.  As  alfo,  the  moft  eafy,  expeditious,  and 
correift  Methods  for  attaining  the  Knowledge  of  the  Five  Orders 
of  Architedlure,  by  equal  Farts,  and  fewer  Divifions,  than  any 
thing  hitherto  publifhed,  l^c.  The  whole  embelliihed  with  a- 
bove  fourfeore  Copper-Plates  in  Quarto.  The  Defigns  regulated 
and  drawn  by  F.  Hoppus,  and  engrav’d  by  B.  Cole.  The  fecond 
Edition,  with  large  Additions,  and  a  new  Frontirpiece,  curioufly 
engrav’d,  reprefenting  the  Manfxon-Houfe  of  the  I^ord-Mayor  of 
theCity  of  London.  (Quarto.  Price  Bound  i or. 

V.  The  Builder’s  Guide,  and  Gentleman  and  Trader’s  AiTiF 

tant :  Or  a  univerfal  Magazine  of  Tables,  wherein  is  contain’d 
greater  Variety  than  in  any  other  Bock  of  its  kind ;  with  feveral 
new  and  ufeful  Tables,  never  before  publifhed  ;  which  renders  it 
the  mofi:  general,  compleat,  and  univerfal  Companion  for  daily 
Ufe  extant ;  and  highly  neceffary  for  all  Gentlemen,  Builders, 
Surveyors  of  Buildings,  Timber  Meafurers,  By  IVilliam 

Salmon,  Price  3  s, 

VI.  The  Country  Builder’s  Eflimator  :  or  the  Architedl’s 
Companion  for  eftimating  of  New'  Buildings,  and  repairing  of 
Old,  in  a  concife  and  eafy  Method,  entirely  new,  and  of  ule  to 
Gentlemen  and  their  Stewards,  Mailer  Workmen,  Artiheers, 
or  any  Perfon  that  undertakes,  or  lets  out  Work.  By  William 
Salman.  The  fecond  Edition,  revifed  and  corredled,  with  large 
Additions,  by  E.  Hoppus,  Surveyor,  Piice  bound  1  r.  6  d. 

VII.  A  Colledlion  of  Nov'cls  and  Tales  of  the  Fairies.  Written 
by  that  celebrated  Wit  of  France,  the  Countefs  d'udnois.  The 
Third  Edition.  Tranflated  from  the  beil  Edition  of  the  original 
French  by  feveral  Hands.  In  three  neat  Pocket  Volumes,  1  emo. 
Price  7  j.  6  d. 

Beautifully  printed  on  a  fine  Genoa  Paper,  and  neiv  Letter^ 

VIII.  A  compleat  Hiftory  of  the  Empire  China,  being  the 
Obfervations  of  above  ten  Years  Travels  through  that  Country; 
containing  Memoirs  and  Remarks,  Geographical,  Hiftorical, 
Topographical,  Phyfical,  Natural,  Aftronomical,  Mechanical, 
Military,  Mercantile,  Political,  and  Ecclefiailical ;  particularly 
upon  their  Pottery,  and  varnilliing  Silk,  and  other  Manufaclures, 
Pearl-fiihing,  the  Hiftory  of  Plants  and  Animals,  with  a  Deferip- 
tion  of  their  Cities  and  Publick  Works,  Number  of  People,  Mau¬ 
rers,  Language,  and  Ciiiloms,  Coin  and  Commerce,  their  Ha¬ 
bits,  Oeconomy,  and  Government,  the  Philofophy  of  the  famous 
Confucius.  With  an  Account  of  the  Conquell  of  China  by  the 
Tartars,  and  many  ether  curious  Particulars.  Written  by  thp 
learned  Tjcwis  le  Comte,  Jefuit.  A  new  'Franflation  from  the  bell 
Paris  Edition,  and  adorn’d  with  Copper  Plates.  Price  6  s, 
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A  TABLE  of  LOGARITHMS  of 
N ATURAL  NUMBERS  from  i  to  loooo. 


NO 

0 

1 

2 

3 

4 

o 

I 

000000 

000000 

041393 

301030 

079181 

4177121 

i‘3943 

602060 

146128 

2 

^^01030 

322219 

342423 

361728 

380211 

3 

4 

477121 

60Z060 

491362 

612784 

505150 

623249 

518514 

633468 

53H79 

043453 

5 

698970 

707570 

716003 

724276 

732394 

6 

778151 

785330 

792392 

799340 

806180 

7 

841^098 

851258 

857332 

363323 

6O9232 

8 

903090 

908485 

913814 

919078 

924279 

9 

954242 

959041 

963788 

96^483 

973128 

f  o 

000000 

004321 

008600 

012837 

017033 

1 1 

041393 

045323 

049218 

053078 

056905 

I  2 

079181 

082785 

086360 

089905 

093422 

*3 

113943 

I 17271 

120574 

123852 

I27IO5 

14 

146128 

149219 

152288 

155336 

158362 

I  c 

176091 

178977 

1 8 1 844 

I 8469 I 

187521 

16 

20A120 

206826 

'209515 

212188 

214844 

*7 

230449 

232996 

235528 

238046 

240549 

*8 

2i;q272 

257679 

260071 

26245 I 

264818 

*9 

278754 

281033 

283301 

285557 

287802 

20 

301030 

303196 

305351 

307496 

309630 

21 

^22219 

324282 

326336 

328380 

330414 

22 

342427 

344392 

346353 

343305 

350248 

23 

^61728 

363612 

365488 

367356 

309216 

24 

38021 I 

382017 

383815 

385606 

387390 

25 

397940 

399674 

401400 

403 I 20 

404834 

26 

414973 

416640 

418301 

419956 

421204 

27 

431364 

432969 

434569 

436163 

437751 

28 

447158 

448706 

450249 

451786 

453318 

29 

462398 

463893 

4653^3 

466868 

468347 

3^ 

477121 

478566 

480007 

481443 

482874 

3^ 

491362 

492761 

494155 

495544 

496930 

32 

506505 

507856 

509202 

510545 

33 

qigt;  H 

519828 

521138 

522444 

523740 

34 

531479 

532754 

534026 

535294 

53655b 

35 

544068 

545 3°7 

546543 

S47775 

549003 
561 lOI 

36 

556302 

557507 

558709 

559907 

37 

568202 

569374 

57^543 

571709 

572872 

584331 

595496 

38 

579784 

580925 

1582063 

583199 

39 

591065 

I592I77 

1593286 

594393 

4  •  A  2 


*4 

The  Logarithms  of  Nat  Numbers  to  400. 

5 

6 

7 

8 

9 

o 

698970 

778151 

845098 

903090 

954242 

I 

176091 

204120 

230449 

255272 

278754 

2 

39794° 

414973 

431364 

447158 

462398 

3 

544068 

556302 

568202 

579784 

591065 

4 

65J212 

662758 

1 672098 

68 1 241 

770852 

5 

740363 

74^ 188 

755875 

763428 

690196 

6 

812913 

819544 

826075 

832509 

838849 

7 

875061 

880814 

886491 

892095 

897627 

S 

9294^,9„ 

934498 

959519 

944483 

949390 

9 

977724 

982271 

986772 

991226 

99563s 

lO 

021189 

025306 

029384 

033424 

037426 

1 1 

060698 

064458 

068186 

071882 

°7S547 

12 

096910 

100370 

103834 

107210 

I  10590 

13 

130334 

*33539 

136721 

139879 

*43015 

H 

161368 

164353 

167317 

170262 

173186 

*5 

190332 

193125 

195900 

198657 

201397 

i6 

217484 

220108 

222716 

225309 

227887 

17 

243038 

2455'3 

247973 

250420 

2.52853 

i8 

267172 

269513 

271842 

274158 

276462 

19 

290035 

292256 

294466 

296665 

298853 

20 

311754 

313867 

315970 

318063 

320146 

21 

332438 

334454 

336460 

338456 

340444 

22 

352182 

354108 

356026 

357935 

359835 

23 

^1068 

372912 

374748 

376577 

378398 

24 

389166 

390935 

392697 

394452 

396199 

2S 

406540 

408240 

409933 

41 1620 

413300 

26 

423246 

424882 

426511 

428135 

429752 

27 

439333 

4409oq 

442480 

444045 

445604 

28 

45484s 

456366 

457882 

459392 

460898 

.29 

469822 

471292 

472756 

474216 

475671 

30 

484300 

485721 

487138 

488551 

489958 

31 

498311 

1499687 

501059 

502427 

503791 

32 

511883 

513218 

514548 

5‘5874 

517196 

33 

525045 

526339 

527630 

528917 

530200 

34 

537819 

1 539076 

540329 

541579 

542825 

35 

550228 

551450 

552668 

553885 

555095 

3^ 

562293 

563481 

564666 

565848 

567026 

37 

574031 

575188 

57'534' 

577492 

578639 

38 

585461 

586587 

587711 

588832 

589950 

39 

596597 

597695 

598790 

1599883 

600973 

^he  Logarithms  of  Natural  Numbers  to  900. 


0 

1 

2 

3 

4 

5 

6  1 

7 

8  1 

9 

40 

60.2060 

3144 

4226 

5305 

6381 

7455 

8526 

9594 

0660 

1723 

41 

61.2784 

3842 

4897 

5950 

7000 

8048 

9093 

0136 

1176 

2214 

42 

62.^249 

4282 

5312 

6341 

7366 

8389 

94*0 

0428 

*444 

2457 

43 

63.3468 

4477 

5484 

6488 

749018489 

9486 

9481 

1474 

2464 

44 

64.3453 

44-3  9 

5422 

6404 

73«3j 

8350 

9333 

0307 

1278 

2246 

45 

6^-:?21  2 

4176 

3138 

6098 

7036 

801 1 

8965 

9916 

0865 

1813 

46 

66.2758 

3701 

4642  ^ 

55»i 

65 1 8 

7453 

8386 

93*7 

0246 

**73 

47 

67.2098 

3021 

3942 

4861 

5778 
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213 

8380 

85«3 

8787 

8991 

9194 

9398 

9601 

9804 

000  S 

Oil  I 

214 

3^o4I4 

0617 

0819 

1022 

1225 

1427 

1630 

1832 

2034 

2236 

215 

1438 

2640 

2842 

<°44 

3146 

3447 

3649 

3850 

4051 

4253 

216 

4454 

4'555 

4856 

5056 

$257 

5458 

5658 

5859 

6059 

6260 

217 

6460 

6660 

68(5o 

7060 

7260 

7459 

7^59 

7858 

8058 

8257 

2l8 

8456 

8656 

88^;  5 

9054 

9253 

9451 

9650 

9849 

0017- 

0146' 

219 

34.0444 

0642 

0840 

1039 

'237 

1434 

•  632 

1830 

2028 

2225 

210 

2423 

2620 

2817 

3014 

i32I2 

3409 

3605 

3^02 

3999 

4196 

121 

4392. 

4589 

4785 

4981 

5178 

5374 

5570 

5766 

5961 

<5157, 

221 

6549 

6744 

6939 

7135 

7330 

752$ 

7720 

791S 

8110' 

215 

8305 

8500 

8694 

8889 

9083 

9277 

9472 

9666 

9860 

00  S  4 

224 

35.0148 

0442 

0636 

0829 

1023 

1216 

1410 

1603 

1796 

1989 

225 

2182 

2375 

2568 

2761 

2954 

3146 

3389 

3532 

3724 

3916 

226 

4108 

4SOI 

4493 

4684 

4876 

50!^ 

5260 

5451 

5^43 

5S34 

227 

6026 

6217 

6408 

6599 

6790 

6981 

7172 

7363 

7554 

7744 

228 

7935 

8125 

8316 

8506 

8696 

8886 

9076 

9266 

9456 

9646 

229 

9835 

CO  2  5 

0115 

0404 

0593 

0783 

0972 

1 1  I 

1350 

1539 

230 

36.1728 

1917 

2105 

2294 

2482 

2671 

2^59 

3048 

3236 

3424 

23  I 

'  3612 

3800 

39S8 

4176 

4363 

4551 

4739 

492(5 

5113 

5301 

232 

5488 

5675 

5862 

6049 

6256 

6423 

6610 

6796 

6983 

7169 

253 

735^ 

7542 

7728 

7915 

8101 

8287 

8473 

8659 

8844 

9030 

154 

9216 

9401 

95S7 

9772 

99  $8 

0143 

0328 

0513 

0698 

0883 

235 

37.1-068 

1153 

'437 

1622 

1806 

1991 

2175 

2360 

2  $44 

1728 

236 

2912 

3096 

3280 

3464 

3^47 

3831 

4015 

4198 

43^i 

45«5 

237 

47  4S 

4932 

511*5 

5298 

5481 

5664 

5846 

6029 

6212 

6394 

238 

<^577 

<5759 

6942 

7124 

7306 

748S 

7670 

7852 

8034 

8216 

259 

83  9S 

8  S  80 

876 1 

8943 

1  9124 

9305 

9487 

■9668 

9849 
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N«. 

0 

^  I  ' 

2 

3 

4 

5 

6 

8 

I  ^ 

240 

38.021 1 

0392 

0573 

0754 

0934 

1115 

1296 

1476 

1656 

*^37 

241 

20 1 7 

2197 

2377 

2557 

2737 

29>7 

3097 

3277 

3456 

136361 

242 

3815 

3995 

4174 

4353 

4333 

47*2 

4891 

5070 

'^240 

5427 

243 

5606 

5785 

5964 

6142 

6321 

6499 

6677 

68 '7, 5 

7034 

7212 

244 

7390 

7568 

7746 

7923 

8101 

8279 

8456 

8634- 

881 1 

8989 

245 

9166 

9343 

9520 

9697 

9875 

005  r 

0228 

0405 

0582 

0758 

246 

39.0935 

I  r  12 

1288 

1464 

1641 

1817 

*993 

2169 

2345 

2521 

247 

2679 

2873 

r 

3048 

3224 

3400 

3575 

375* 

3926 

4101 

4276 

248 

249 

4452 

6199 

4627 

6374 

4802 

6348 

4977 

6722 

5152 

6896 

5326 

7070 

5501 

7245 

5676 

7418 

5850 

7?9* 

6025 

7766 

250 

7940 

81 14 

0287 

8461 

8634 

88^8 

8981 

9*54 

9327 

9501 

9674 

9847 

0020 

0192 

0365 

0538 

071 1 

0883 

1056 

1228 

252 

40.1400 

iS73 

■745 

*9*7 

2089 

2261 

2433 

2605 

2777 

2949 

253 

3120 

3292 

3464 

3635 

3807 

3978 

4*49 

4320 

4492 

4663 

254 

4834 

5005 

5175 

534^ 

55>7 

5688 

5858 

6029 

6199 

6370 

255 

<5540 

6710 

6881 

705* 

7221 

739* 

7561 

773* 

7900 

8070 

256 

824.0 

8410 

8579 

8749 

89*8 

9087 

9257 

9426 

9595 

9764 

257 

9933 

0102 

0271 

0440 

0608 

0777 

0946 

1 1 14 

1283 

1451 

258 

41.1620 

1788 

1956 

2124 

2292 

2460 

2628 

2796 

•2964 

3*32 

259 

3300 

3467 

3633 

3802 

3970 

4*37 

4305 

4472 

4639 

4806 

260 

4973 

S'4° 

5307 

5474 

5641 

5808 

5974 

6141 

6308 

6474 

261 

6640 

6807 

6973 

7*39 

7306 

7472 

/638 

7804 

7970 

8135 

262 

8301 

8467 

8633 

8798 

8964 

9129 

9295 

9460 

9625 

979* 

263 

9956 

0121 

0286 

0451 

0616 

0781 

094; 

I  uo 

1275 

*439 

264 

42.1604 

1768 

^933 

2097 

220! 

2426 

2590 

2754 

2918 

3082 

265 

3246 

3410 

3573 

3737 

3901 

4064 

4228 

4392 

4555 

4718 

266 

4882 

5045 

5208 

537* 

5534 

5697 

5860 

6023 

6186 

6349 

267 

65  ii 

6674 

6836 

6999 

7161 

7324 

7486 

7648 

781 1 

7973 

z68 

8135 

8297 

S459 

8621 

8782 

8944 

9106 

9268 

9429 

959* 

269 

9752 

9914 

0075 

0236 

0398 

0559 

0720 

o88! 

1042 

1203 

270 

43.1364 

'^525 

1685 

1846 

2007 

2167 

2328 

2488 

2649 

2809 

271 

2969 

3129 

3290 

3450 

361G 

3770 

3930 

4C90 

4249 

4409 

272 

4569 

4728 

4888 

5048 

5207 

5366 

5526 

5685 

5844 

6003 

273 

6163 

6322 

648 1 

6640 

6798 

6957 

7116 

7*7? 

7433 

7592 

274 

7751 

7909 

8067 

8226 

8384 

8^2 

8700 

8859 

9017 

9*75 

275 

9333 

9491 

9648 

9806 

9964 

0!  22 

0279 

0437 

0591 

0752 

276 

44.0QOQ 

1066 

1224 

1381 

1538 

1695 

1852 

2009 

2166 

2323 

277 

2480 

2636 

2793 

2950 

3  io5 

3263  34*9 

3576 

3732 

3888 

278 

4045 

4201 

4357 

45*3 

4669 

4825 

4981 

5*37 

5*93 

5448 

279 

5604 

5760 

59*5 

6071 

6220 

6382 

6537 

6692 

6848 

7003 

280 

7158 

7313 

7468 

7623 

777*5 

7933 

8088 

8242 

8397 

8552 

281 

8706 

8861 

90*5 

9*70 

9324 

9478 

9633 

9787 

994* 

0095 

282 

45.0249 

0403 

<^557 

071 1 

0865' 

loi  8 

I  *72 

1326 

1479 

1633 

283 

1786 

1940 

2093 

2247 

2400 

2553 

2706 

2859 

301 2 

3*65 

284 

3318 

3471 

36^ 

3777 

393^- 

40-82 

4235. 

4387 

4540 

4692 

285 

4845 

4997 

5*49 

5302 

5454 

5606 

5758 

5910 

0214 

286 

6366 

6518 

6670 

6821 

6973 

7125 

7276 

7428 

7579 

7730 

287 

7882 

8033 

8184 

8336 

84S7 

8638 

8789 

8940 

9091 

9241 

288 

9392 

9543 

9694 

9845 

9995 

0246 

0296 

0447 

0597 

0747 

289 

46.0898 

'  1048 

1198 

1348 

1498 

1 649 

1799 

1948 
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No. 

i  "" 

I 

2 

3 

4 

5 

6 

7 

8 

9 

290 

46.2308 

2548 

2697 

2847 

2997 

3146 

3296 

3445 

3594 

3744 

291 

3S93 

4042 

4191 

4340 

4489 

4639 

4787 

4936 

5085 

5234 

292 

5383 

5532 

5680 

5829 

5977 

bizb 

6274. 

6423 

6571 

6719 

293 

j  6868 

7016 

7164 

7312 

7460 

7608 

7756 

7904 

8052 

8200 

294 

8347 

8495 

8643 

8790 

8938 

9085 

9233 

9831 

9527 

9675 

295 

1  9822 

9969 

01 1 6 

0263 

0410 

0557 

0704 

0851 

0998 

**45 

296 

■47.1292 

1438 

15)85 

1732 

1878 

2025 

2171 

23*7 

2464 

2610 

297 

2756 

2903 

3049 

3«95 

334* 

3487 

3633 

3779 

3925 

4070 

298 

421 6 

4362 

4508 

4653 

4799 

4944 

5090 

5235 

5381 

$526 

U99 

5671 

5816 

5962 

6107 

6252 

6397 

6542 

6687 

6832 

6976 

1  300 

7121 

7266 

7411 

7555 

7700 

7844 

798‘9 

8133 

8278 

8422 

301 

8566 

8711 

8855 

8999 

9*43 

9287 

9431 

9575 

9719 

9863 

302 

48.0007 

0131 

0294 

0438 

0582 

0725 

0869 

1012 

1 156 

1299 

303 

1443 

1586 

1729 

1 872 

2016 

2159 

2302 

2445 

2588 

2731 

304 

2874 

3016 

3159 

3302 

3445 

3587 

3730 

3872 

4015 

4*57 

305 

4300 

4442 

4584 

4727 

4868 

501 1 

5*53 

5295 

5437 

5579 

306 

5721 

5863 

6005 

6147 

6289 

6430 

6572 

6714 

9855 

6997 

307 

7‘38 

7280 

7421 

7563 

7704 

7843 

7986 

8127 

8269 

841G 

308 

8551 

8692 

8833 

8973 

9**4 

9255 

9396 

9537 

9677 

9818 

^9 

9958 

0099 

0239 

0380 

0520 

0661 

0801 

09^1 

1081 

1222 

310 

49.1362 

1 502 

1642 

1782 

1922 

Z062 

220 1 

2341 

2481 

2621 

3J » 

2760 

2900 

3040 

3*79 

33*9 

3458 

3597 

3737 

3876 

4015 

312 

4155 

4294 

4433 

j4572 

47*1 

4850 

4989 

$  128 

5267 

5406 

3^3 

5544 

5683 

5822 

^q6o 

6099 

6237 

6376 

6514 

6653 

6791 

3H 

6930 

7068 

7206 

7344 

7482 

762 1 

7759 

7897 

8035 

8173 

3^5 

8311 

8448 

8586 

18724 

8862 

8999 

9137 

9275 

9412 

9550 

3 1 6 

9687 

9824 

9962 

jo099 

0236 

0374 

05 1 1 

0648 

0785 

0922 

3^7 

^o.iOsO 

1 196 

1333 

j  1470 

1607 

*744 

1880 

2017 

2*54 

2290 

3>8 

24.2'7 

2564 

2700 

2837 

2973 

3'°9 

3246 

3382 

3518 

3654 

319 

379^ 

3927 

4063 

4*99 

433  5 

4471 

4607 

iZll 

4878 

5014 

320 

5150 

5286 

|542i 

5557 

3692 

5828 

3963 

6099 

6234 

6370 

321 

6305 

6640 

6775 

69 1 1 

7046 

7181 

7316 

745  ‘ 

7586 

7721 

322 

7856 

7991 

8125 

8260 

8395 

8530 

8664 

8799 

8933 

9068 

323 

9202 

9337 

9471 

9606 

9740 

9874 

0008 

0*43 

0277 

0411 

324 

51-0545 

0679 

08  [  3 

0947 

io8 1 

1215 

1348 

1482 

1616 

175Q 

325 

1 883 

2017 

2 1 50 

2284 

2’4 1 7 

255* 

2684 

2818 

2951 

3084 

326 

3218 

33  55 

34S4 

3617 

3750 

3883 

4016 

4*49 

4282 

44*5 

327 

4548 

4680 

4813 

4946 

5079 

3211 

5343 

5476 

5609 

574* 

328 

5874 

6006 

6139 

6271 

6403 

6535 

6668 

6800 

6932 

7064 

329 

7 

7196 

7328 

7460 

7592 

7724 

7855 

7987 

8119 

8251 

8382 

330 

8514 

8  64  3 

8777 

8909 

9040 

9*7* 

9303 

9434 

9595 

9697 

331 

9828 

9959 

0090 

022 1 

0352 

0483 

0614 

0745 

0876 

1007 

332 

52.1138 

I  269 

1400 

*530 

I  661 

1792 

1922 

2053 

2*83 

2314 

333 

2444 

2575 

2705  1 

2835 

2966 

3096 

3226 

3356 

3486 

3616 

334 

3746 

3876 

4006 

4136 

4266 

4396 

4526 

4656 

4785 

49*5 

■J  r 

DO  y 

5045 

5174 

5304 

5434 

5563 

5692 

5822 

595* 

60S  I 

6210 

336 

6339 

6468 

6598 

6727 

6856 

6985 

7**4 

7243 

7372 

7501 

S37 

7630 

7759 

7888 

8016 

8145 

8274 

8402 

8531 

8660 

878b 

338 

8917 

9045 

9‘74 

9302 

9434 

9559 

9687 

9815 

9943 

0072 

339 

5:3.0200 

0328 

0456 

0584 

07 I 2 10840* 

0968 

1095 

1223 

1351 
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^13 

0 
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3 

4  j 

5 

6 

7 

8 

9 

I340  5 

3.1479  I 

607  I 

734 

[862  I 

990  2 

ii  17  2 

1245 

^372 

2500 

2627 

341 

2754  2 

5882  3 

009 

5136  5 

>263  2 

»39*  3 

518 

5645 

3772 

3899 

1342 

4026  L 

M53  5 

.280  i 

4407  / 

^534  4 

.661  ^ 

1-787  - 

^9*4 

5041 

5167 

1343 

5294  ‘ 

5421  t 

;347 

5674  f 

;8oo  5 

■927  ( 

>053 1 

5*79 

6306 

6432 

344 

6558  ( 

5685  ( 

38ii 

^937  : 

7063  7 

'189  ;; 

^3*5 

7441 

7567 

7693 

345 

7819  ' 

7945  ‘ 

^071 

8197 

^22]^ 

448  ^ 

^574 

8699 

8825 

8951 

346 

9076  < 

5202  ( 

^327 

9452j< 

5578  f 

?703  f 

^829 

5954 

0079 

0204 

347 

54.0329 

3455  < 

D580 

0705  l< 

5830  c 

^955 

1 080 

I  205 

1330 

1454 

1348 

1579 

1704 

1829 

1953 

Z078  j  2203 

2327 

2452 

2576 

2701 

|349 

2825 

2950 

3074 

3199 

3323 j 3447 

357* 

3  ^>96 

3820 

3944 

350 

4068 

4192 

4316 

4440 

456414688 

4812 

493^ 

5060 

5*83 

351 

5307 

5431 

S554 

5678 

5802 i 5925 

6049 

6172 

6296 

6419 

352 

6543 

6666 

6789 

6913 

7036 1 71 59 

7282 

7405 

7529! 

7652 

353 

7775 

7898 

802 1 

8144 

8266 i 8389 

8512 

8635 

3758! 

8881 

1  354 

9003 

9126 

9249 

937* 

9494 

9616 

9739 

9861 

9984 

0106 

355 

55.0228 

0351 

0473 

0595 

0717 

0840 

0962 

10B4 

1206 

1328 

1356 

1450 

1572 

1694 

1816 

1938 

2060 

2181 

2303 

2425 

2546 

357 

2668 

2790 

2911 

3033 

3*54 

3276 

3397 

35'9 

3640 

3762 

i  358 

3883 

4004 

4126 

4247 

4368 

4489 

4610 

473* 

4852 

4973 

1  p59 

5094 

5211 

5336 

5457 

557815699 

5820 

5940 

6061 

6182 

360 

6302 

6423 

6544 

6664 

67851 ^905 

7026 

7*46 

7266 

7387 

M361 

7507 

7627 

7748 

7868 

7988 

8108 

8228 

8348 

8469 

8589 

8709 

8828 

8948 

9068 

9188 

9308 

9428 

9548 

9667 

9787 

363 

9907 

0026 

0146 

0265 

0385 

0504 

0624 

0743 

0863 

0982 

1 364 

56.  IIOI 

1221 

1340 

*459. 

*578 

1697 

1817 

*936 

2055 

2174 

365 

2293 

2412 

2531 

2650 

2768 

2887 

3006 

3125 

3244 

3362 

366 

3481 

3600 

3718 

3837 

3'555 

4074 

4*92 

43** 

4429 

4548 

i  367 

4666 

4784 

4903 

5021 

5*39 

5257 

5375 

5494 

561 2 

5730 

1  36B 

1  5848 

5966 

6084 

6202 

6320 

6437 

6555 

[6673 

6791 

6909 

369 

7026 

7H4 

7262 

7379 

7497 

7614 

7732 

7849 

7967 

8084 

370 

1  8202 

8319 

8436 

8554 

8671 

8778 

8905 

9023 

9140 

'9257 

371 

9374 

949' 

9608 

9725 

9842 

9959 

0076 

0*93 

0309 

0426 

37^ 

57-0543 

0660 

0776 

0893 

1010 

1 1 26 

1243 

*359 

1476 

*592 

373 

1709 

1825 

1942 

2058 

2*74 

2291 

2407 

2523 

2639 

2755 

374 

I  2872 

2988 

3104 

3220 

3336 

3452 

3568 

3684 

3800 

39*5 

375 

1  4035 

4'47 

4263 

4378 

4494 

4610 

4726 

4841 

4957 

5072 

376 

1  5188 

5303 

5419 

5534 

5650 

5765 

5880 

5996 

6i  1 1 

6226 

■  377 

1  6341 

6456 

6572 

6687 

6802 

6917 

1  7032 

7*47 

7262 

7377 

*  378 

7492 

7607 

7721 

7836 

795* 

8066 

8i8i 

8295 

8410 

8525 

i  37? 

863^ 

8754 

886^ 

8983 

9097 

9212 

9326 

9441 

9555 

9669 

•  38'^ 

1  9784 

9898 

0015 

5  0126 

0240 

io355 

0469 

0£;83 

0697 

o8i  I 

381 

1  58.092^ 

1039 

1155 

\  1267 

1381 

1*494 

i6oi 

1722 

1836 

1950 

;  382 

I  2063 

5  2177 

229 

240^! 

.  2518 

263  ! 

2745 

285^ 

2972 

3085 

i  38; 

>1  319': 

?  33^2 

342 

3535 

)  3652 

3765 

387': 

)  399^ 

;  410; 

•  4218 

:  38^ 

M  4331 

4-44^ 

455 

7  467c 

M47^^ 

48901 rooC 

^523i 

534« 

1  3^: 

546 

M757; 

568 

5  579' 

)  59*^ 

:  6024 

U  613- 

7  6z5c 

1)1636. 

7  6475 

;  38^ 

3  658 

l\ ^70^ 

D  681 

2  6921 

;  703' 

7  7*4' 

}  i  726 

-  737- 

4  748' 

7599 

!  38; 

7  77' 

1 1  782: 

792 

5  804' 

7  8i6( 

31827 

2 1  8  3  8 

4  849 

5  86o‘ 

3  8720 

1  38. 

51  883 

1 1  8942 

905 

5  916' 

7  9Z7( 

4939 

95° 

3  96* 

4  072 

6  9838 

:  5' 

9!  995 

o|  006 

1(017 

3  028 

4  039 

6 1050 

7  1  0619  (0730  1084 

2  0953 

*8  3 


1-^12 

The  Logarithms  of  Natural  Numbers  to  4400.  ' 

IN^. 

1 

2 

3 

4 

5  ^ 

6 

7 

8 

9 

1590 

59.1065 

1 176 

128 

*397 

1510 

1621 

1732 

1843 

*955 

2066: 

i  3  y  ^ 

2177 

2208 

2399 

•  510 

2621 

2732 

2843 

2954 

3064 

3175: 

3y2 

3286 

3397 

3  :08 

3618 

3729 

3840 

3950 

4061 

4171 

4282 

393 

4393 

4503 

4613 

4724 

4834 

4945 

5055 

5165 

5276 

5386 

394 

5496 

5606 

57*7 

5827 

5937 

6047 

6157 

6267 

^377 

6487 

395 

6$97 

6707 

6817 

5927 

7037 

7146 

7256 

7366 

74.76 

7585 

396 

7695 

'7805 

79*4 

8024 

8154 

8245 

S353 

846i 

8572 

86811 

397 

8790 

8  900 

9009 

9119 

9228 

9337 

9446 

9556 

9665 

9774 

39^ 

9ys3 

9992 

0101 

0210 

0319 

0428 

0537 

0646 

0755 

0864 

399 

00.0973 

1082 

I  rpo 

1299 

1408 

*5*7 

1625 

*734 

*843 

*95 II 

4co 

zo6o 

2169 

2277 

2386 

2494 

2602 

2711 

2^19 

^928 

3036!' 

401 

3M-4 

3152 

3361 

3469 

3577 

3685 

3794 

3902 

4010 

41181- 

402 

4226 

4334 

4442 

4550 

4658 

4766 

4874 

4982 

5089 

5*97 

403 

5305 

5413 

5521 

5618 

5736' 

5843 

5951 

6059 

6166 

62741 

404 

6381 

6489 

6586 

6704 

68 1 1 

6918 

7026 

7133 

7240 

7348i' 

405 

7455 

7562 

7677 

7777 

7S84 

799* 

8098 

820$ 

8312 

841c; 

406 

B526 

8635 

8740 

8847 

8954 

9060 

9157 

9274 

9381 

94881'- 

407 

9594 

9701 

9808 

9914 

0021 

0128 

0234 

0341 

0447 

05541: 

403 

0  1. 06 DO 

0767 

087J 

0979 

1086 

1 192 

1298 

1405 

1511 

16171' 

''  1£P 

1723, 

1829 

1936 

2042 

2148 

2254 

2360 

2466 

2572 

2678; 

4io 

27S4 

2890 

2995 

3101 

3207 

3313 

34*9 

3525 

3630 

3736!" 

41 1 

3842 

3947 

4053 

4159 

4264 

4370 

4475 

4581 

4686 

47921: 

41 2 

4897 

‘)Oo3 

5  108 

5213 

53*9 

5424 

5529 

5634 

5740 

5^45' 

413 

5950 

6055 

6160 

6265 

6370 

*47  5 

65S0 

6685 

6790 

6895, 

414 

7000 

7105 

7210 

78*3 

7420 

7524 

7629 

7734 

7839 

7943 

415 

•  -m  ^ 

8048 

8153 

8257 

^362 

8466 

8571 

8575 

8780 

8S84 

89891; 

416 

9093 

9198 

9302 

9406 

9511 

9615 

9719 

9823 

9928 

0032 

4*7 

02.01  36 

0240 

0344 

0448 

0552 

o6$6 

0760 

0864 

0968 

1072 

-  - 

410 

1 176 

1280 

1384 

1488 

1592 

1695 

*799 

1903 

2007 

2110' 

4  9 

22 1 4 

2-318 

2421 

2525 

262  8 

2732 

2835 

2939 

3042 

3146 

420 

3249 

0 

33^3 

3456 

3559 

3663 

3766 

3869 

3972 

4076 

4*79 

421 

422 

i^ZoZ 

5312 

4385 

5415 

4488 
s5 18 

4591 

5621 

4694 

5724 

4798 

5827 

4901 

5929 

5004 

6032 

5107 

6135 

5209 

6238 

423 

6540 

6443 

6545 

6648 

6751 

6853 

5955 

7058 

7161 

7263 

414 

1166 

7468 

•757* 

7673 

7775 

7S78 

7980 

8082 

8184 

8287 

4^‘) 

8389 

8491 

8593 

8595 

8797 

8900 

9002 

9104 

9206 

9308 

42^ 

9410 

95*1 

9613 

97*5 

9817 

99*9 

0021 

0123 

0224 

0326 

427 

63.0428 

053c 

063 1 

0733 

0834 

0936 

1038 

**39 

1241 

1342 

42b 

1444 

*545 

1647 

1748 

1849 

*95* 

2052 

2lK-> 

2255 

2256 

429 

2558 

2660 

2761 

2862 

2963 

3064 

3*65 

3266 

8867, 

430 

3468 

3670 

377* 

3872 

3973 

4074 

4‘75 

4276 

437<5j 

43* 

4477 

4578 

4679 

4779 

4881 

4981 

5681 

5182 

52S3 

5383 

432 

5484 

5584 

56S5 

5785 

5885 

5986 

6086 

6187 

6287 

6388 

433 

6488 

65S8 

6688 

6789 

6S89 

6989 

7089 

7*89 

7289 

7390 

43'^ 

7490 

7590 

7690 

7790 

7890 

7990 

8090 

819c 

8289 

8389 

435 

8489 

8589 

8689 

8789 

8888 

8988 

9088 

9188 

9287 

9387 

436 

9486 

958.5 

9585 

9785 

98S5 

9984 

0084 

0183 

0283 

0382 

437 

04.08  J  T 

0581 

0(58o 

0779 

0879 

0978 

1077 

1176 

1276 

*375 

43o 

*474 

*573 

1672 

1771 

1871 

1970 

2069 

2168 

2267 

2366 

439 

2464  ! 

2563 

2662 

2761 

2860 

2959 

3058 

3*5<^ 

3255 

3354  1 
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0 

I 

2 

3 

4 

5 

6 

7  , 

L 

9 

440 

<543-453 

551 

650 

749 

847 

946 

044 

143 

242 

340 

441 

644,459 

537 

635 

734 

832 

93 1 

029 

127 

226 

324 

442 

645.422 

520 

6 19 

717 

815 

913 

01 1 

109 

208 

306 

443 

645.404 

502 

600 

698 

796 

894 

991 

089 

187 

285 

444 

647.383 

481 

579 

676 

774 

872 

969 

067 

165 

262 

445 

648.360 

458 

555 

653 

750 

848 

945 

043 

140 

2*37 

44<^ 

649.335 

432 

530 

627 

724 

821 

919 

016 

113 

2iO 

447 

650.307 

405 

502 

599 

696 

793 

890 

987 

084 

181 

448 

65 1.278 

375 

472 

569 

666 

762 

859 

956 

053 

150 

4^ 

652.. 246 

343 

4^c 

536 

633 

730 

826 

923 

019 

116 

450 

55  3.212 

309 

405 

502 

598 

695 

791 

88^5 

984 

080 

654.176 

273 

369' 

465 

562 

658 

754 

850 

946 

042 

4$2 

655.138 

234 

331 

427 

5^3 

619 

714 

810 

906 

002 

453 

656.09S 

194 

290 

386 

48 1 

577 

<^73 

769 

864 

960 

454 

657. 056 

151 

247 

343 

438 

534 

629 

725 

8zo 

916 

455 

658.051 

107 

202 

298 

393 

488 

584 

679 

774 

870 

456 

965 

060 

i55 

250 

546 

441 

536 

631 

726 

821 

457 

659.916 

Cl  I 

ic6 

20I 

296 

391 

486 

581 

676 

771 

458 

66^^.865 

960 

055 

150 

245 

340 

484 

529 

623 

718 

459 

661.813 

?®7 

002 

096 

ipi 

285 

380 

474 

569 

663 

4^0 

662.758 

852 

947 

041 

135 

230 

324 

418 

512 

607 

461 

663.701 

795 

889 

983 

078 

172 

266 

360 

454 

548 

462 

664.642 

736 

820 

924 

618 

1 12 

205 

299 

393 

487 

463 

665.581 

675 

769 

862 

956 

050 

143 

237 

424 

464 

666.$i8 

612 

705 

799 

892 

986 

079 

173 

266 

359 

465 

667.453 

546 

640 

733 

826 

920 

013 

106 

199 

293 

466 

668.386 

479 

572 

665 

758 

852 

945 

038 

131 

224 

467 

669.317 

410 

503 

596 

689 

782 

874 

967 

06© 

153 

468 

670.246 

339 

431 

524 

617 

710 

802 

895 

988 

080 

469 

671.173 

265 

558 

451 

543 

636 

728 

821 

913 

005 

470 

672.098' 

190 

283 

375 

467 

560 

652 

744 

836 

929 

471 

673.021 

113 

205 

297 

390 

482 

574 

666 

758 

850 

472 

942 

034 

126 

218 

310 

402 

494 

585 

^77 

769 

473 

674.861 

953 

045 

136 

228 

320 

412 

503 

595 

687 

474 

675.778 

870 

961 

053 

236 

328 

419 

511 

602 

475 

676.694 

785 

876 

968 

059 

15© 

242 

333 

424 

516 

476 

677.607 

698 

789 

881 

972 

063 

154 

245 

33« 

427 

477 

678.5  18 

609 

700 

791 

882 

973 

064 

155 

246 

337 

478 

679,428 

519 

610 

700 

791 

882 

973 

063 

154 

245 

479 

680.335 

42-6 

517 

607 

698 

789 

879 

970 

060 

151 

480 

681.241 

332 

422 

513 

603 

693 

784 

874 

964 

055 

481 

682.145 

235 

326 

416 

506 

596 

686 

777 

867 

957 

4Sz 

683.047 

137 

227 

3^7 

407 

497 

587 

667 

767 

857 

483 

947 

037 

127 

ZI7 

307 

396 

486 

576 

666 

756 

484 

684.845 

935 

025 

114 

204 

294 

383 

473 

563 

652 

485 

685.742, 

831 

921 

oio 

1 00 

189 

279 

368 

457 

547 

486 

686.636 

726 

815 

904 

994 

083 

172 

261 

351 

440 

487 

687.529 

618 

707 

796 

885 

975 

064 

153 

242 

331 

48 1 

688.420 

509 

598 

687 

776 

865 

953 

042 

131 

220 

489 1 

689.309 

398|486[575 

664, 

753 

841 

9  JO 

019 

107 
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The  Logarithms  of  Natural  Numbers  to  5400. 

Np 

0 

1 

2 

3 

4 

S 

6 

7 

8 

9 

490 

690.196 

285 

373 

462 

550 

639 

7I7 

8r6 

905 

■993 

491 

691.081 

170 

258 

347 

435 

612 

700 

788 

877* 

492 

,  965 

053 

142 

230 

3«8 

406 

494 

583 

671 

759 

493 

692.847 

935 

023 

III 

199 

287 

375 

463 

551 

639 

494 

693.727 

403 

991 

078 

i56 

254 

342 

430 

5*7 

495 

694.60; 

693 

781 

868 

956 

044 

131 

zip 

306 

394 

496 

695.482 

569 

657 

744 

832 

919 

007 

094 

182 

269 

497 

696.356 

444 

531 

618 

706 

793 

880 

968 

055 

142 

49S 

697.229 

316 

404 

491 

578 

665 

752 

.839 

926 

013 

499 

698,  ICO 

i88 

275 

362 

448 

535 

622 

709 

796 

883 

500 

,  970 

057 

144 

230 

317 

404 

491 

578 

664 

751 

501 

699.838 

924 

Ol  I 

098 

1  84 

271 

357 

444. 

53* 

617 

502, 

700.703 

790 

877 

963 

050 

136 

222 

309 

395^ 

482 

503 

701.568 

654 

741 

827 

913 

999 

086 

172 

258 

344 

504 

702.430 

517 

603 

689 

775 

861 

947 

^S3 

no 

2Q5 

505 

7‘^3-29i 

377 

463 

549 

^35 

721 

807 

893 

979 

065 

50  6 

704.150 

236 

322 

408 

494 

579 

665 

75* 

837 

922 

507 

705.008 

094 

179 

265 

350 

436 

522 

607 

643 

778 

505 

864 

949 

034 

120 

20$ 

.291 

376 

462 

^47 

632 

5^9 

706.718 

803 

888 

974 

059 

1 44 

229 

3*5 

400 

^5 

510 

707.570 

65; 

740 

826 

911 

995 

081 

166 

2$I 

33^ 

5II 

708.421 

506 

591 

676 

761 

846 

930 

015 

100 

185 

512 

709.270 

355 

440 

524 

609 

694 

779 

§63 

948 

033 

513 

710.117 

202 

287 

371 

456 

540 

625 

710 

194 

879 

5 14 

963 

04S 

132 

216 

301 

385 

470 

554 

658 

723 

^*5 

516 

711.807 

712.650 

89« 

734 

976 

818 

060 

902 

144 

986 

229 

070 

3*3 

*54 

597 

238 

481 

3  22 

5<^5 

406 

517 

713.490 

S74 

658 

74Z 

826 

910 

994 

07S 

162 

246 

418 

7H-330 

414 

497 

581 

(55$ 

749 

832 

916 

000 

084 

5^9 

715.167 

251 

335 

418 

502 

586 

669 

755 

8^6 

920 

520 

716.003 

087 

170 

254 

337 

421 

588 

671 

754 

$21 

838 

921 

004 

088 

171 

.254 

538 

421 

504 

■58s 

52i 

717.670 

754 

837 

920 

003 

086 

169 

252 

336 

4*9 

523 

718.502 

5^5 

668 

751 

834 

917 

000 

083 

165 

248 

524 

719.331 

414 

497 

580 

(5^3 

745 

828 

911 

994 

077 

525 

720.159 

242 

325 

407 

490 

573 

^55 

758 

821 

905 

$26 

986 

068 

*51 

233 

316 

398 

481 

563 

646 

728 

5^7 

721.81 1 

893 

975 

058 

140 

222 

30$ 

387 

469 

552 

52H 

722.634 

716 

798 

881 

963 

045 

127 

200 

291 

374 

529 

723.436 

53S 

620 

702 

784 

866 

948 

030 

n2 

*94 

$30 

724.276 

358 

440 

1 

1  ^ 

603 

685' 

767 

849 

931 

013 

531 

725.094 

176 

258 

340 

422 

503 

585 

667 

748 

830 

532 

912 

993 

075 

156 

238 

320 

401 

483 

564 

646 

533 

726.727 

809 

890 

972 

c53 

134 

216 

297 

379 

460 

*534 

727.541 

623 

704 

785 

865 

948 

G29 

no 

191 

273 

53? 

728.354 

435 

516 

597 

578 

759 

841 

922 

1003 

084 

53*5 

729.165 

246 

327 

408 

489 

570 

651 

732 

‘812 

S93 

537 

974 

^55 

136 

217 

2  9^ 

378 

4S9 

540 

‘  621 

70 1 

533 

730.782 

944 

024 

105 

186 

266 

347 

,428 

508 

539 

.731.5S9 

1669 

750 

830 

991 

I911 

072 

152 

233 

3*3 

^hs  Lo^iirtthTTis  of^  JSfcitufcil^^uTnbsTs  to  ^qoo. 


N° 

0 

1 

—  1 

3 

4 

5 

6 

7  i 

3 

9 

540 

73^.394 

474 

555 

635 

715 

796 

876 

956 

037 

1 17  , 

54* 

733-^97 

277 

358 

438 

518 

598 

679 

759 

839 

919 

■542 

999 

079 

159 

240 

320 

400 

480 

560 

640 

720 

543 

734,800 

880 

960 

040 

120 

200 

279 

359 

439 

519 

544 

735-599 

679 

758 

838 

918 

998 

078 

157 

237 

317 

545 

736.396 

476 

556 

^35 

715 

795 

874 

954 

033 

1 13 

546 

737.192 

272 

352 

431 

511 

590 

670 

749 

828 

908 

547 

987 

067 

146 

225 

305 

384 

463 

542 

622 

701 

548 

738.781 

860 

939 

018 

097 

256 

355 

414 

493 

54? 

739.572 

730 

810 

889 

968 

047 

126 

205 

284 

550 

740.363 

442 

521 

599 

678 

757 

836 

915 

075 

551 

741.152 

250 

309 

388 

467 

545 

624 

703 

782 

860 

552 

939 

018 

096 

175 

254 

332 

41 1 

489 

568 

647 

553 

742.7^5 

804 

882 

961 

039 

118 

196 

274 

355 

43  i 

554 

743.510 

588 

666 

745 

823 

902 

980 

058 

15^6 

215 

555 

744*293 

371 

449 

528 

606 

684 

762 

840 

918 

997 

556 

745.075 

153 

331 

309 

387 

465 

543 

621 

699 

777 

557 

855 

933 

on 

089 

167 

345 

323 

401 

478 

556 

558 

746.634 

712 

7,90 

868 

945 

023 

lOI 

179 

256 

534 

559 

747.412 

489 

567 

645 

722 

800 

878 

955 

053 

1 10 

560 

748.188 

2^6 

343 

421 

498 

576 

<^53 

731 

808 

8^5 

561 

96? 

040 

1 18 

195 

2y2 

350 

427 

504 

582 

659 

562 

749.73^ 

814 

891 

968 

045 

122 

200 

277 

854 

431 

563 

750.508 

585 

663 

740 

817 

894 

971 

048 

125 

202 

5<^4 

751.279 

356 

433 

510 

587 

664 

741 

818 

895 

972 

5^5 

752.048 

202 

279 

356 

433 

509 

586 

663 

740 

566 

8i6 

893 

970 

047 

123 

200 

277 

353 

430 

506 

567 

753.583 

660 

736 

813 

889 

966 

042 

119 

195 

272 

5i58 

754.348 

425 

501 

578 

654 

730 

807 

883 

960 

036 

5<^9 

755-112 

189 

26<; 

341 

417 

494 

570 

646 

722 

799 

570 

875 

951 

027 

103 

179 

256 

332 

408 

4^4 

560 

571 

712 

788 

864 

940 

016 

092 

168 

244 

320 

57i 

757-396 

472 

548 

624 

700 

775 

85 1 

927 

003 

079 

573 

758.155 

230 

306 

382 

458 

533 

609 

68$ 

760 

836 

574 

912, 

987 

063 

139 

214 

290 

366 

441 

517 

592 

575 

759-^68 

743 

819 

894 

970 

045 

121 

196 

272 

347 

576 

7^0.422 

498 

573 

649 

724 

799 

875 

95Q 

02$ 

100 

577 

161.1-16 

251 

326 

402 

477 

552 

627 

702 

777 

853 

578 

928 

003 

078 

>53 

228 

303 

378 

453 

528 

603 

579 

762.679 

754 

829 

903 

973 

053 

128 

203 

278 

t  V 

580 

7^3-428 

503 

568 

653 

727 

802 

877 

952 

027 

lOl 

581 

7<^4. 17^ 

251 

326 

400 

475 

550 

624 

699 

774 

848 

$82 

923 

998 

072 

147 

22 1 

296 

370 

445 

5^9 

594 

583 

765.669 

743 

817 

892 

966 

041 

115 

190 

264 

538 

584 

166. 

487 

562 

636 

710 

784 

859 

933 

007 

082 

58s 

16i.\s6 

230 

304 

378 

453 

527 

60 » 

675 

749 

823 

586 

89s 

972 

046 

120 

^94 

26$ 

342 

416 

490 

$64 

587 

768.638 

712 

786 

860 

934 

008 

0B2 

156 

230 

303 

<588 

769.377 

451 

525 

599 

673 

74^ 

820 

894 

968 

041 

589 

770. 1 15 

189 

’263 

'33^ 

410 

I484 

557 

631 

705 

7;^] 

*i6  ^he  Logarithms  of  Natural  Numbers  to  6400. 


N°. 

0 

I 

2 

9 

4 

5 

1 

7 

1  ^ 

9 

590 

770.852 

926 

999 

075 

i4<f 

22c 

>29; 

3^: 

7  44c 

$14 

191 

77i.$87 

661 

734 

808 

881 

955 

028 

lo: 

J  175 

248 

592 

772.321 

395 

468 

542 

615 

688 

762 

835 

908 

98 1 

H93 

773.05') 

128 

201 

174 

347 

42c 

494 

$67 

640 

713 

j194 

786 

855 

933 

006 

079 

152 

225 

298 

371 

444 

h95 

774-517 

59c 

663 

73« 

809 

882 

955 

028 

[loo 

^73 

1596 

775.246 

319 

392 

465 

538 

610 

685 

7$6 

829 

902 

1597 

974 

047 

120 

192 

265 

338 

411 

483 

5$<^ 

62S 

J598 

776.701 

774 

846 

919 

992 

064 

U37 

209 

282 

354 

1599 

777.427 

499 

iz? 

^4 

717 

789 

§62 

934 

006 

079 1 

j6oo 

778.151 

224 

296 

368 

441 

513 

585 

658 

730 

802 

1601 

874 

947 

019 

091 

163 

236 

508 

380 

452 

524 

1^02 

779.596 

669 

141 

813 

885 

957 

029 

lOl 

173 

245 

[603 

780.317 

389 

461 

593 

605 

(577 

749 

821 

893 

9(5$ 

[604 

781.057 

109 

181 

153 

324 

396 

468 

540 

612 

684 

pos 

755 

827 

899 

971 

042 

II4 

186 

258 

329 

401 

|6o6 

782.473 

544 

616 

688 

759 

831 

902 

974 

046 

II7 

1  ^07 

785.189 

260 

332 

403 

475 

546 

618 

689 

1  76 1 

832 

608 

904 

97$ 

046 

1 18 

189 

261 

352 

403 

47$ 

546 

1609 

784.617 

689 

760 

831 

902 

974 

04$ 

1 16 

187 

259 

Idio 

785.530 

4©  I 

472 

543 

614 

686 

7$7 

828 

899 

970 

1611 

786.041 

1 12 

183 

254 

325 

396 

467 

538 

609 

68o| 

pI2 

75J 

822 

893 

964 

035 

i©6 

177 

248 

519 

390 

Idi  3 

787.4(50 

531 

602 

673 

744 

815 

885 

956 

027 

0981 

514 

788,168' 

235 

310 

380 

4$i 

$12 

593 

665 

734 

804 

615 

875 

946 

016 

087 

157 

228 

299 

369 

440 

510 

616 

789.581 

651 

722 

792 

863 

933 

003 

074; 

144 

21$ 

1617 

790.285 

355 

426 

496 

$67 

<^37 

707 

778 

848 

918] 

[618 

988 

059 

129 

199 

269 

340 

410 

480 

550 

620 1 

1619 

791.691 

761 

831 

901 

971 

041 

III 

181 

252 

322I 

1620 

792.392 

462 

532 

602 

672 

742 

812 

952 

022 

|d2l 

795.092 

161 

231 

301 

371 

441 

511 

581 

651 

721 

622 

790 

860 

930 

000 

070 

139 

209 

279 

349 

418 

16  23 

794.488 

558 

627 

697 

767 

836 

906 

9l6\ 

045 

115 

1524 

795.185 

254 

524 

393 

463 

532 

602 

671 

741 

810I 

1  62$ 

880 

949 

019 

088 

158 

227 

297 

366 

456 

505 

626 

796.574 

644 

713 

782 

852 

921 

990 

060 

129 

1981 

5x7 

797.267 

937 

406 

47$ 

544 

614 

685 

752 

821 

8901 

528 

960 

029 

098 

167 

236 

305 

374 

443 

512 

582 

1  ^29 

798.651 

7-0 

789 

858 

927 

996 

065 

134 

203 

272  1 

1 

799.340 

409 

478 

$47 

616 

685 

754 

825 

892 

9601 

631 

800.029 

098 

167 

236 

305 

373 

442 

511 

580 

^48 

1  ^32 

717 

786 

854 

923 

992 

060 

129 

198 

266 

335 

p33 

801.404 

472 

$41 

609 

678 

747 

8,5 

884 

952 ' 

D2i 

<^34 

802.089 

158 

226 

295 

363 

432 

500 

568 

^37 

70$ 

^35 

774 

842 

910 

979 

047 

11$ 

184 

252 

320 

389 

536 

803.4^7 

$2$ 

594! 

662 

730, 

798 

867 

93$ 

005 

071 

^37 

804.139  [ 

208 

276 ! 

344 

412 

480 

448 1 

616 

684 

753 

538 

821 ' 

889 

957 

025 

095 

161 1 

229 

297 

365 

433 

1639 

805.501  t 

569 

537 

705 

773 

8401 

908; 

976 

044 

112| 
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0 

I  1 

2 

3 

4 

J _ 

±  ( 

■  7 

~l 

N 

640 

806.1 80 

248 

316 

383 

fS* 

5*9 

5*^71 

655 

7221 

790 

641 

858 

926 

993 

061 

129 

*97 

264  j 

332 

400 

467 

642 

807.535 

603 

670 

738 

805 

873 

94*  i 

008 

076  j 

*43 

643 

808.21 1 

278 

346 

413 

481 

548 

616 1 

683 

75*  i 

818 

644 

886 

953 

021 

088 

*55 

223 

2901 

358 

425! 

492 

645 

809.560 

627 

694 

762 

829 

896 

963; 

031 

098  j 

165; 

746 

810.232 

300 

367 

434 

501 

568 

6361 

703 

770  j 

837 

647 

904 

971 

038 

106 

*73 

240 

3071 

374 

440 

508 

648 

811.575 

642 

709 

77b  843 

91c 

977 

044 

*** 

178 

649 

812.245 

312 

378 

445 

512 

£79 

646 1 

Z13 

780  j  846 

6co 

913 

9  80 

047 

114 

180 

247 

3>4! 

381 

447! 5 14 

651 

813.581 

648 

714  781 

848 

9*4 

981 1 

048 

II4I 

i8i 

652 

814.248 

3H 

381 

447 

5*4 

580 

647 

7*4 

780 

847 

653 

913 

98° 

046 

113 

Z46 

3*2 

378 

445 

51* 

654 

815.578 

644 

710 

777 

843 

910 

97^1 

042 

109 

*75 

655 

816.241 

308 

374 

440 

506 

573 

639 

705 

77* 

838 

6^6 

904 

970 

036 

102 

169 

235 

301 

367 

433 

499 

657 

817.565 

632 

697 

764 

830 

896 

962 

028 

094 

160 

658 

818.226 

292 

358 

424 

490 

556 

622 

688 

754 

819 

6^9 

885 

21L 

017 

083 

149 

1^5 

281 

346 

412 

478 

660 

819.544 

610 

675 

7^*1 

807 

873 

939' 

004 

070 

136 

661 

820.201 

267 

333 

398 

464 

530 

595 

66i 

727, 

792 

662 

858 

924 

989 

°55 

120 

186 

251 

317 

382 

448 

663 

821.513 

579 

644 

710 

775 

841 

906 

972 

037 

*03 

664 

822.168 

233 

299 

364 

430 

495 

560 

626 

691 

756 

665 

822 

887 

952 

017 

083 

148 

213 

279 

344 

400 

666 

823.474 

539 

605 

670 

735 

800 

865 

930 

996  o6i 

667 

824.126 

191 

256 

321 

386 

451 

516 

581 

646 

711 

668 

0  776 

841 

906 

971 

036 

to  I 

166 

231 

296 

361 

669 

025.426 

491 

556 

621 

686 

75* 

.«'5. 

880 

145 

010 

670 

826.075 

140 

204 

269 

334 

399 

463 

528 

593 

6^8 

671 

722 

787 

852 

917 

981 

046 

I  I  1 

*75 

240 

305 

672 

827.369 

434 

498 

563 

628 

692 

757 

821 

886 

950 

828.015 

080 

144 

209 

273 

338 

402 

1 466 

531 

595 

674 

660 

724 

789 

S53 

918 

982 

046 

1  1 1 1 

*75 

239 

675 

829,304 

368 

432 

497 

561 

625 

690 

i754 

818 

882 

676 

947 

01 1 

075 

*39 

204 

268 

332 

399 

460 

;h 

677 

830.589 

653 

717 

781 

845 

909 

973 

[037 

102 

166 

678 

831.230 

294 

358 

422 

486 

550 

614 

678 

742 

806 

679 

870' 

934 

998 

062 

*f5 

189 

253 

I  3*7 

381 

445 

680 

832.509 

573 

637 

7C0 

764 

828 

892 

1956 

019 

083 

68i 

833.147 

21 1 

275 

338 

402 

466 

530 

593 

657 

721 

682 

784 

848 

912 

975 

039 

103 

166 

230 

293 

357 

683 

834.421 

484 

548 

61 1 

675 

738 

802 

!  8tj6 

929 

i  993 

1  684 

835.056 

120 

183 

246 

310 

373 

437 

[500 

564 

I62.7 

681; 

691 

754 

817 

881 

944 

007 

07 1 

1  *34 

*97 

686 

836.324 

387 

451 

5*4 

577 

640 

704 

7“7 

830 

893 

1 

957 

020 

083 

146 

209 

273 

336 

399 

462 

525 

688 

837.588 

652 

715 

778 

841 

1 904 

967 

030 

093 

1 

838.219 

282 

345 

408 

47* 

\SM 

597 

1  660 

723 

1  786 

pi 8  ’‘fhe  Logarithms 

1  ^ 

of  JSlatural  Numbers  to  7400, 

.  j  0 

I 

1  2 

3_ 

4 

!  5 

5 

7 

8 

9 

[69c 

)p3^.849 

912 

■!975 

038 

101 

161 

^  225 

1  285 

352 

4i’5 

1691 

P^9478 

541 

1  5o4 

667 

719 

792 

855 

918 

98  f 

043 

I  ^92 

1840.1  5 

165 

>232 

294 

42  c 

482 

545 

5oS 

671 

693 

733 

79r 

■jS59 

921 

984 

046 

105 

1 72 

122  : 

297 

694 

841.3^^9 

42  2 
! 

547 

610 

672 

735 

797  860 

922 

595 

984 

047'i  I  to 

172 

^235 

297 

3<5c 

422 

•484 

!  547 

1696 

842.609 

672 

734 

795 

1859 

921 

983  046 

108 

170 

W97 

843.233 

295 

357 

420 ! 482 

1  "■!4 

1 5o6 

i  9 

721 

793 

698 

855 

918 

jpSo 

104 

1  166 

229 

291 

353 

415 

p99 

844.477 

599 

6oi 

1  663 

726 

1788 

850 

{912 

{ 

:974 

036 

1700 

845.098 

160! 222 

1284 

346 

!  408 

470 

1532 

594 

556 

I701 

1  71S 

78c 

1 842  904 

1 966 

028 

I090 

1 151 

21^ 

275 

hoz 

846.337 

399|45f 

5^3 

584 

646 

708 j 770 

832 

895 

170B 

955 

017 

079 

141 

202 

h'54 

3  26  3^8 

449 

511 

1704 

847-'573 

634 

696 

758 

Sip 

j  88 1 

943 

<004 

067 

127 

I705 

848.189 

2s  I 

1  3U 

374 

435 

497 

559 

620 

682 

743 

1706 

805 

856 

I 

989 

i05i 

I  12 

174 

236 

296 

358 

1707 

849419 

48 1 

^42 

604 

=665 

726 

788 

849 

911 

|972 

1 

850.033 

095 

156 

217 

p79 

340 

401 

462 

5^3 

I585 

1709 

646 

707 

769 

830 

891 

952 

014 

1^75 

135 

197 

I7I0 

85  1.258 

319 

381 

442 

503 

5^4 

625 

!686 

t 

747 

808 

7II 

870 

931 

992 

055 

II4 

^75 

236 

1297 

358 

419 

1712 

852.480 

541 

602 

663 

7M 

785 

846 

907 

968 

029 

713 

§5 3. 089 

150 

21 1 

272 

33  J 

394 

455 

516 

576 

637 

714 

698 

759 

820 

88r 

941 

002 

063 

124 

184 

245 

7«5 

854.305 

367 

427 

488 1 549 

5io 

670 

731 

792 

852 

1715 

913 

974io54 

095 

156 

216 

277 

337 

398, 

459 

717 

855.519 

SSOfc 

540 

701  [ 

761 

822 

882 

943 

003 

064 

718 

855.124 

185I 

245 

306  i 

356 

427 

487 

548 

608 

668 

j7i9 

729 

7891850 

9io| 

97Q 

051 

091 

151 

i  12 

272 

{720 

857.332 

393 

453 

513  j 

574 

634 

694 

754 

815 

875 

1  721 

935 

995 

056 

1 16 

176 

236 

296 

357 

417 

477 

1 722 

858.537 

5  97 

657 

7i8t 

778 

838 

898 

958 

018 

079! 

1  723 

859.138 

198 

258 

318; 

378 

438 

499 1 

559 

519 

579' 

I724I 

739 

798] 858 

9i8I 

978 

038 

098 

158 

218 

2781 

1725 

850.338 

398  458 

5  1 8 

578 

^37 

697 

757 

817 

877 

726 

937 

995 1 

056 

1 16 

176  1 

236 

295 

355 

415 

475 

727 

861.534 

594(654 

714 

773 

833 

893 

952 

012 

072 

728 

862. 13  I 

191 

251 

310 

370 

430 

489 

549 

608 

668. 

729 

727 

787 

846 

9o5j 

966 

r25 

085 

p44 

204 

26ji 

730 

S53.323  j 

382 

442 

501 1 

561 

62.0 

680 

739 

798 

858! 

731 

9«71977 

036; 

096 

»55 

2  14 

274 

333 

392 

452 

752  i 

?54.5 1 1 

570 

630  589 

748 

80S 

86;  1 

926 

985 

045 

733  ! 

555.104 

[63 

222  j 

i  b2 

34« 

400 

459 

518 

578 

<537 

731 

595  ; 

45 

8141. 

873 

933 

992 

05  I 

1 10 

169 

228I 

73‘^  ^ 

;66.287  3 

46 

40.5  ^ 

165 

524 

583 

642 

701 

760 

819 

736 

878^937 

;?96  ( 

■^55 

114 

^73 

232 

29 1 

350 

409 

737 

<^7-467  i  5 

26 

585  p 

H4 

703 

762 

821 

880 

939 

997 

73S  3 

58.055  j  1 

I  s 

'-4  ; 

233  i 

292 

^50 

409 

468 

527 

,861 

739 

6441  7 

03  ^ 

762  1821  879  f  938  1 

?97l  056 

114 

173 

740 

741 

742 

743 

744 

745 

745 

747 

748 

749 

750 

751 

752 

753 


T'he  Logarithms  of  Natural  JSfumbers  to  7Q00. 

^1 


o 

869.232 

8x8 

870.404 

989 

871.573 

872.156 

139 

873.321 

902 

874.482 


875.061 
640 
876.218 

795 

754r77-37i 

755 1  947 

756I878.522 
757|879-096 
758|  669 

759  880.242 

760:  814 

761  881.385 

762  955 
I  763  I  882.524 

764  883.093 

765  66r 

766  884.229 

767  795 

768  885.361 

769  92,6 


8 


398 


622 

204 


770 

771 

772 


886.49  [ 
887*034 

617 

773 

774!  7M 

775  889.302 

776  852 

777  890.421 

778  980 

779  891.537 


780 

781 

782 
7S3 
784 
78*5 

786 

787 

788 

789 


892.095 

651 

893  .207 

763 

894  3i5 
870 

895*422 

975 

896.526 

897-077 


499  I  556 
069  j 1 26 
6i8  695 
264 
832 

399 
96; 

096 


!  042  I  099 


183  I  240 
75  2  j  809 
!32M377 

j  888  j  943 

|453  512 

‘  022  j  078 

15871644 

1521209 


660 
223 


716 /77c? 
280  336 
786  842 : 898 


358i4r4 


636 


34^ 

4.04 

460 

5i6| 

909 

,965 

021 

077) 

470 

526 

5S2 

6381 

,030 

085 

141 

197 

589 

644 

700 

7?6| 

147 

203 

259 

3141 

705 

760 

8i6 

872 

262 

i  ^  ^ 

3*7 

373 

42S 

!  818 

1 

873 

929 

985 

373 

429 

484  ! 

54^ ! 

928 

984 

039 

094 1 

482 

53^ 

593 

648  ! 

036 

091 

14.6 

201  ^ 

588 

-643 

699 

754 

140 

*95 

231 

306  1 

691 

747 

S02 

■857 

242 

297 

352 

407! 

384!  642 
170 1  228' 

755  I  81 
339 

923  j  981 
5061564 
088  I  146 
6691 7271785 
250 1  308  I  366 

409! 466 1 524 
045  I  102 
622  6bo 
198  256 
,  ,  ^7741832 

29 213491 407 

8661 924 1 98 1 

44o!497iS-?S 
01 3  I  070  1 1 27 

5?i  ^  I 

156  213 '270 

727!  784.1841 

2971 35414^* 

866 19231 980 

434U9M648 

002  ^^9  i  1 1  ^ 


^19 

X 

760 

345 

930 


569  I  625  1 682 

< j  19^  \  * 


701 
287 
872 
4?6j  51^ 
040  j  098 
681 
262 
843 

003 

587 
J  60 

7?>7 

314 

889 
464 
038 
612 
185 
756 

328 
898 
a68 

I 

036 
605 
lyz 
739 


13 


700 
26 


757 

32i 


.V 


829  883  *942 

39^' 1 448. 505 

955 ! 01 1  067 

573 

534 

694 

253 

812 

370 

927: 


629 
190 

750 

309 

868 

426 

9^3 


P5 

870 

6^4 

998 

561 

123 

685 

246 

806 

365 

924 


484 , 


7041 

257' 

809 ' 

361  ' 

912 


C  2 


540 

096 

651 

205 

759 

312 

864 

416 

967 

51.7 


039 

595 

151 

706 

261 

814 

367 

919 

47  s 

022 

572 
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^20 

The  Lo^ 

0 

0 

790  ^ 

197.627  6' 

791  j 

^98.176  2 

791 

725  7 

793  s 

599-275  I3 

794 

820  js 

79“) 

700.367  4 

796 

913  9 

797 

901.458  5 

79^ 

90i.oo3  c 

7_99l 

$47  ^ 

800  i 

903.090  1 

8or 

632  t 

[802 

004-174  " 

[805 

71$  $ 

[3  04 

905.256 

1  So'i 

796  5 

U06 

906.33$ 

1 807 

S73  ! 

">oS 

907.41  1 

09 

948 

!? 

908.485 

Is  1 1 

909.021 

lSl2 

$$6 

[Bi? 

910.090 

1814 

624 

815 

911.158 

816 

690 

817 

912,222 

818 

753 

1^19 

913.284 

1 82c 

814 

821 

914.345 

[822 

872 

1  82.5 

915.400 

1824 

927 

1 825 

916.454 

826 

980 

1 327 

917.505 

828 

918.030 

829 

$'54 

9i9*'^78 

8:5 1 

601 

832 

920.1 23 

8:J^ 

645 

921.166 

83'^ 

686 

836 

922.206 

837 

725 

83  S 

925.244 

839 

762 
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924.279I531  583 
795 1848  899 
925.312  36,41415 
,  8275879  931 

925.342  3941445 

8$7 

5422 

985 


4 

5 

486  < 

>38  ■ 

002  c 

554 

518 ' 

)70  ^ 

034  c 

.85 

5  4^  '■ 

JOO 

002  1 

1 14 

57^ 

527 

088 

140 

j5oi 

552 

1112 

i53 

^23 

674 

1  i34 

18$ 

i 

694 

!  J53 

203 

’ 55i I712 

160  1 

220 

677  727 

183 

690 

234 

740 

195 

245 

700 

751 

105 

255 

709 

759 

212 

162 

715 

765 

217 

267 

718 

759 

219 

269 

)  720 

77© 

)  220 

270 

>  719 

769 

)  2 1 8 

257 

>71(5 

765 

J  213 

263 

>  710 

760 

f 

7  2o5 

256 

3  702 

752 

3  198 

247 

692 

742 

7  186 

1236 

I  680 

729 

4  173 

222 

6  65$ 

715 

8  i$7 

207 

0  649 

598 

0  139 

189 

I  630 

679 

0  119 

168 

0  608 

557 

8  097 

146 

191 


214 

725 

256  I 


641 

157 

673 

188 

702 

2I5 

7SO 

242 

7H 

269 

775 

:8? 


8 


593 

209 

724 

239 

754 

268 

781 

J93 

805 

322 

827 

338 


9 

744 

260 

775 

291 

805 

319 

832 

345 

856 

878 

3S9 


743 

254 

305 

35<^ 

407 

763 

814 

864 

915 

271 

321 

372 

423 

778 

829 

879 

930 

285 

335 

3  86 

437 

791 

841 

892 

943 

296! 

347 

397 

44^ 

801  1 

852 

902 

953 

306 

355 

4o5 

457 

809 

860 

910 

960 

313 

365 

413 

463 

815 

8^5 

916 

966 

3i7 

367 

418 

468 

8 19 

869 

919 

9'^9  > 

319 

370 

420 

470 

820 

870 

920 

970 

3*9 

359 

419 

4^9 

819 

868 

918 

953 

3*7 

367 

4*7 

457 

815 

865 

9*5 

964 

3*3 

362 

412 

462 

809 

859 

909 

958 

306 

355 

405 

454 

801 

851 

900 

950 

297 

346 

396 

445 

791 

841 

890 

939 

2S5 

3?5 

384 

433 

779 

828 

877 

927 

272 

321 

370 

4*9 

764 

813 

862 

91* 

255 

305 

^54 

403 

747 

795 

845 

894 

238 

287 

336 

385 

728 

777 

826 

875 

217 

i56 

3*5 

364 

706 

755 

804 

853  1 

195 

244 

292 

[34^1 
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0  r 

I 

2 

3 

4  . 

5 

6 

7  8 

8 

9  : 

890! 

949*3  90! 

489 

488 

53<J 

585 

634 

683 

731I 

780! 829 

891 

8781926! 

975 

024. 

073 

121 

170 

219  i 

267 

316 ; 

892 

950.36  s 

4^8i 

462 

>11 

560 

638 

657 

705  1 

754 

803  1 

8.93' 

851 

900! 

949 

997 

046 

095 

143 

192  1 

240 

289 

894 

95^-337; 

386 

435 

483 

552 

580 

629 

577! 

725 

774 

895 

283I 

872 

920 

969 

017 

065 

114 

163 

211 

259 

896 

9*52.308 

3)5| 

40$ 

453 

502* 

550 

599 

«47| 

696 

744 

897 

792 1 

841  i 

889 

933 

986; 

034 

083 

131 ! 

ibo 

228 

-898 

9i?-276 

325  i 

373 

421 

4701518 

566 

615 

663 

711 

18.99 

760.; 

808 

856 

905 

953 

O0[ 

049 

098 

146  1 

194 

900< 

954-242 ! 

291 

339 

3^7 

435  1 

484 

53^ 

580 . 

628 

677 , 

901 

725 ! 

773 

821 

869 

918 

96'J 

014 

062  , 

no 

158 

1902 ' 

955.206 

255 

303 

3)1 

399 

447 

495 

54? 

592 

640 

688 

735 

784 

832 

S80 

928 

976 

024  ’ 

072  j 

1 20 

1904 

956.168 

216 

264 

312 

361 ' 

409 

457 

505 : 

553! 

601 

905 

649 

697 

744 

792 

840' 

888 

936 

984' 

03'^! 

o8q 

\9q6 

95 7- 128 

176 

224 

272 

320 

368 

416 

464: 

511! 

559 

\907 

655 

703 

751 

799 

847 

894 

942 

99> 

038 

\  908 

0 

95  o.  08  6 

134 

181 

229 

277 

325 

373 

420 

468 

516 

909 

564 

612 

^11 

707 

ill 

805 

850 

898 

946 

994 

,910 

959-041 

08.4 

^37 

184 

232 

280 

328 

375 

423’ 

’471  , 

911 

518 

566 

614 

661 

709 

757 

804 

852 

900 

947 

912 

99S 

042 

090 

138 

185 

233 

280 

328 

376 

423 

915 

960.471 

518 

566 

613 

661 

709 

756 

804 

851 

899 

914 

94^ 

994 

041 

089 

156 

184 

231 

279 

326 

374 

91^ 

1961.421 

469 

516 

563 

61 1 

658 

706 

753 

8oi 

84s  : 

gi6 

896 

943 

990 

038 

085 

>32 

1 80 

227 

275 

322 

917 

962-369 

417 

464 

5ii 

559 

606 

653 

701 

748 

795 

918 

843 

890 

937 

985 

032 

079 

126 

174 

221 

268 

\9^9 

953-3 >5 

365 

410 

457 

1504 

552 

599 

646 

693 

74* 

920 

788 

835 

882 

929 

I977 

014 

071 

118 

16$ 

212 

921 

964.260 

507 

354 

401 

!  448 

49? 

542 

590 

637 

684  , 

922 

731 

778 

825 

872 

919 

966 

013 

060 

108 

155 

'925 

965.202 

249 

296 

343 

390 

457 

484 

531 

578 

625 

:924 

672 

719 

766 

813 

860 

907 

954 

00 1 

048 

095 

929 

966.  142 

189 

236 

^83 

329 

376 

423 

470 

517 

564 

926 

61  I 

65s 

705 

752 

798 

845 

892 

939 

986 

053 

927 

967.080 

127 

173 

220 

267 

3t4 

36 1 

40^  U54. 

501 

928 

548 

595 

642 

688 

735 

782 

829 

**71 

922 

969 

929 

968.016 

062 

109 

(156 

203 

249 

296 

343 

389 

436 

930 

483 

530 

576 

623 

673 

716 

76? 

8 10 

856 

903 

931 

950 

996 

043 

090 

136 

183 

229 

276 

323 

1369 

98^ 

969.416 

462 

509 

556 

602 

<549 

695 

742 

788 

;«35 

9n 

882 

929 

975 

02[ 

068 

114 

i6r 

207 

254 

300 

984 

97°-?47 

395 

440 

486 

533 

579 

626 

672 

719 

765 

98“) 

1  8(2 

858 

904 

951 

997 

044 

090 

137 

I  83 

229 

935 

971-276 

322 

,359 

415 

461 

I508 

554 

600 

647 

1693 

987 

'  740 

786 

'.831 

879 

915 

';97i 

018 

064 

Ho 

938 

972.203 

249 

I295 

H2 

988 

U34 

1480 

527 

573 

619 

989 

665 

712 

j  7581804 

S51 

,897 

943 

989 

!  ' 

035 

1082 
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1 

J_ 

4 

5 

6 

7 

8 

Q 

940 

1973.128 

1 74  !  220 

266 

3*3 

359 

405 

!t5* 

497 

543  ; 

941 

$90 

^636 

682 

728 

774 

820 

866 

9*3 

979 

00  4I 

942 

974.051  097 

*43 

1  89 

235 

281 

307, 

373 

y  J  y 

420 

4'66l 

943 

5 1 1 

558 

604 

650 

696 

742 

788 

B34 

B80 

9.26  1 

944 

97'^ 

018 

064 

I  10 

1 56 

202 

248 '■ 

294 

340 

3  86 1 

945 

975'432 

U78 

524 

570 

616 

661 

707 

753 

799 

! 

946 

891 

1937 

983 

029 

075 

1 21 

i  66 

Zi  2 

2.!:$ 

304 

947 

976.350I396 

442 

487 

533 

579 

625 

67 1 

717 

76.2 

948 

808 

5854 

900 

946 

99* 

037 

083 

1 29 

*75 

2.2.0 

949 

977.2661312 

1358 

403 

449 

495 

54* 

I586 

632 

678 

950 

724 1 769 

is. 3 

861 

906 

952 

997 

043 

089 

135 

951 

978.180 

226 

272 

3*7 

363 

409 

454 

500 

546 

S'9* 

952 

637 

683 

7^8 

774 

819 

865 

911 

956 

002 

*047 

953 

979*093 

138 

1  84 

230 

275 

321 

366 

412 

457 

503I 

954 

0  548 

|594 

639 

685 

730 

776 

82 1 

867 

912 

958 1 

955 

900.003 

04}  9 

094 

140 

185 

231 

276 

322 

367 

956 

4^8 

503 

549 

594 

640 

685 

730 

776 

821 

867  1 

957 

pl2 

957 

C03 

048 

093 

*39 

184 

229 

m 

320 1 

958 

981.365 

41 1 

456 

5C1 

547 

592 

637 

683 

728 

773  1 

959 

819 

864 

909 

954 

000 

045 

090 

*35 

181 

226 1 

960 

982.271 

316 

362 

407 

452 

497 

543 

!;88 

'633 

6781 

961 

723 

769 

814 

859 

904 

949 

994 

040 

08c 

*3o| 

962 

983.175 

220 

,265 

310 

35^ 

401 

446 

49* 

53^5 

583 

963 

626 

,671 

716 

762 

807 

852 

897 

942 

987 

03  2 

964 

984.077 

122 

} 

167 

212 

257 

302 

347 

392 

437 

2.8  :2  i 

i  *  1 

955 

527 

'572 

6.7 

662 

707 

752 

797 

842 

887 

932 

g66 

.  977 

C22 

067 

1 1 2 

*57 

202 

247 

292 

337 

3821 

967 

985.426 

471 

516 

56. 

606 

651 

696 

74* 

786 

8301 

968 

875 

920 

965 

010 

055 

ICO 

*44 

189 

234 

2791 

969 

986.324 

369 

4*3 

458 

503 

548 

593 

637 

682 

7^7 

970 

77Z 

816 

861 

906 

95* 

995 

04  0 

0*85 

130 

*74 

971 

9^7.219 ' 264 

3  <=9 

353 

398 

443 

487 

532 

577 

622 1 

972 

666 

t 

71  I 

756 

800 

845 

890 

934 

979 

024 

068 1 

973 

988.113 

*57 

207- 

247 

291 

336 

381 

425 

470 

5*4 

974 

55P 

603 

648 

693 

737 

782 

826 

871 

9*5 

9601 

975 

989.C05I 

049 

C94 

138 

183 

227 

272 

316 

361 

405 1 

97<S 

450! 

494 

539 

583 

628 

672 

717 

761 

8c6 

850 

977 

895 

939 

983 

028 

072 

*17 

161 

2c6 

250 

294 

978 

990.339^ 

383 

428 

472 

516 

561 

605 

650 

694 

738 

783: 

827 

Syj 

9j6 

960 

C04 

21? 

093 

!17 

a82| 

980 

99 1.226' 

270 

3*1 

359 

403 

448 

492 

-536 

5S0: 

62^ 

981 

669 

7*3 

757 

802 

846 

890 

934 

979 

023 

067;: 

982 

9p2-ii I i 

1 56 

200 

244 

288 

333 

377 

421 

4651 

5091 

983 

5531598 

642 

686 

730 

774 

8i  8 

863 

907 

931 

984 

995, 

039 

083 

1 27 

172 

216 

260 

3^4 

348 

392 

985 

993-436, 

480 

524 

i;68 

61 2 

657 

701 

745 

789 

833 

986 

877. 

92 1 

965 

009 

053 

097 

141  1 

185 

229 

273 

987 

9^4*317. 

361 

405 

449 

493 

537 

581 

625 

669 

7*3 

988 

757! 

801 

845 

8S9 

933 

967 

021 

064 

108 

1 52 

989 

P95*I9<51 

240 

284 

328 «  37^ 

416 

460  j 

504 

547 

59* 
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O  1 

0 

1  I 

3 

4 

5 

6 

7 

1 8 

9 

990 

99‘5-635 

679 

723 

767 

81 1 

854 

898 

942 ! 986 

1030 

991 

996.C74 

117 

161 

205 

249 

293 

336 

380  424  468 

992 

512 

:S?5 

599 

643 

687 

730 

774 

818 

862 

905 

993 

949 

993 

037 

080 

124 

168 

212 

255 

299 

343 

994 

997.386 

430 

474 

5^7 

561 

605 

648 

692 

736 

779 

99 

823 

867 

910 

954 

998 

041 

085 

128 

172 

216 

996 

998.259 

3G3 

346 

390 

434 

477 

521 

564 

608 

652 

997 

695 

739 

782 

826 

869 

913 

956 

000 

043 

087 

998 

999.130 

174 

218 

261 

305 

348 

392 

435 

478 

522 

99Q 

609 

6^2 

6q6 

739 

783 

826 

870 

913 

957 
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TABLE 


O  F 


jirtificidl  or  Logarithmic 

SINES  and  TANGENTS, 

To  every  Decree  and  Minute  of  the 

Quadrant. 


^  D 


A 


''A 

X\ 


L  E 


O  F 


Artificial  or  Logarithmic 

SINES, 

To  every  Degree  and  Minute  of  the 

Quadrant. 


A  liable  of  Logarithmic  Sines, 


Min. 

0  Deg. 

I  Deg. 

2  Deg. 

3  Deg. 

_4  Deg, 

Min. 

o  i 

0 

8.2.^1855 

8,542819 

8.71 8800 

8.843584 

0 

I 

6.463726 

49033 

46422 

21204 

5387 

1 

2  ^*70475° 

56094 

49995 

23595 

7183 

2 

3  [  ^•940^7 

63042 

S3339 

25972 

8971 

3 

4  7ot>57f*& 

6988  I 

57054 

28337 

8.850751 

4 

^  1  7.162696 

7'-6t4- 

60540 

8.730688 

2524 

5 

6 

7.241877 

83243 

63999 

.  3027 

4290 

6 

7 

7.3o88f4 

89773 

67431 

5353 

6049 

7 

8 

7.366836 

96207 

70836 

7667 

7801 

8 

9 

7.417968 

8.302546 

74214 

9969 

9546 

9 

lO 

7.46373 

08794 

77566 

8.742259 

8.861 283 

10 

TT" 

7-3‘oSii8 

14954 

80892 

4536 

3014 

1 1 

12 

,7.542906 

21027 

84193 

6801 

4738 

12 

13 

,7.577668 

27016 

87469 

9055 

,  64^4 

*3 

H 

'7.609853 

32924 

90721 

8.751297 

8165 

H 

15 

7.639816 

38753 

93948 

3528 

9868 

16 

7.66784.^ 

44504 

97152 

5747 

8.871 565 

16 

17 

7.694173 

50180 

8.6003  32 

7955 

3255 

17 

i8 

.7.718997 

35783 

03489 

8.7601  5  1 

4938 

18 

19 

'7.742477 

61315 

06623 

2337 

6615 

*9 

20 

7-7^4754 

66777 

09734 

4511 

8285 

20 

A 


TABLE 

O  F 

Artificial  or  Logarithmic 

* 

TANGENTS, 

Jo  every  Degree  and  Minute  of  the 

Quadrant, 


A  fable  of  Logarithmic  fangenis. 


Min. 

o  Deg:. 

I  Deg. 

2  Deg. 

S  I-'cg- 

4  Deg. 

Men 

o 

o 

S.241921 

8.548083 

8.71939- 

8.844644 

0 

I 

6.463726 

49101 

46691 

21806 

6455 

I 

2 

,6.76475^ 

56165 

SOi68 

24203 

8260 

2 

S 

16.940847 

65115 

5?^'7 

26588 

8.850057 

3 

4 

>7,065786 

699^6 

57336 

2-8979 

IS46 

4 

5 

!7. 162696 

76691 

60828 

8.731317 

3628 

$ 

6 

7.241878 

83323 

64291 

366, 

5403 

6 

7 

7.308825 

89856 

67727 

5996 

7171 

7 

8 

7.366817 

96292 

7"37 

8317 

8 

? 

7.417970 

8.302633 

74520 

8.740626 

8 .86c686 

9 

loj 

7-4«3727 

08884 

77*^77 

Z922 

10  : 

11 

7.505  I2C 

15046 

81208 

5207 

4172 

1  I 

12 

7.542909 

21122 

^45 '4 

7479 

5905 

12 

13 

7- 577157' 

27114 

87794 

9740 

l6y2. 

15 

14 

7.609857 

33025 

91051 

8.751989 

935  i 

14  : 

7.639820 

38856 

94785 

4227 

8.873064 

15 

i6 

7.667649 

44610 

97492 

6453 

2770 

17 

7.694179 

50289 

8.600677 

8668 

17 

iS 

7.719003 

55*^95 

03839 

8.760872 

6 162 

18 

19 

7.7424S4 

61430 

06978 

3065 

7849 

19 

20 

7.764761 

66894 

10094 

5243 

9529 

zo 

*D  2 


*28 

yf  Table  cf  Lsgarlthmic  Sines. 

Min.? 

0  Deg. 

1  Deg. 

2  Deg. 

5  Deg, 

4  Deg. 

Min. 

21 

7-7^^94i 

8. 372171 

g.612823 

8.766675 

8.879949 

21 

22 

7'.  806 

i.  77499 

8.  5891 

8.  8827 

8.881607 

22 

23 

7-  254^1- 

8.  82762 

8.  8937 

8.770970 

8.  3258 

23 

14  j 

7-  43934 

8.  87962 

8.621962 

8.  3101 

8.  4903 

24 

^5  i 

7.  61662 

8.  93101 

8.  -  4965 

8.  5223 

8.  6542 

25 

26 

7.  7869s 

8.  98179 

8.  7948 

8.  7333 

8.  8174 

26 

27 

7-  P5085 

8.403199 

8.630911 

8.  9434 

8*  9801 

27 

28 

7-9io88c 

8.  08161 

8.  38U 

8.781524 

8.891421 

2S 

^9 

7.  26119 

8.  13068 

8.  6776 

8.  3605 

8.  3035 

29 

30 

7-  40842 

8.  17959 

8.  96S0 

8.  5675 

8.  4643 

30 

31 

7.  55082 

8.  22717 

8  642563 

8.  773^ 

8.  ^245 

31 

32 

7*  68870 

8.  27462 

8.  5428 

8.  9787 

8.  7842 

32 

33 

7.  82253 

0.  32156 

8.  8274 

8.791S28 

8.  9432, 

33 

34 

7.  95^9^ 

8.  36800 

8.651 102 

8.  5^59 

8.90101  7 

34 

3^ 

8.007787 

8.  41394 

8.  3SII 

.8.  S88-1 

8.  2595 

35 

35 

8.  2002  1 

8.  45941 

S.  6702 

8.  7894 

8.  4168 

36 

'  37 

8.  31919 

8.  50140 

8.  9475. 

8.  9897 

8.  5736 

37 

38 

8.  4350I' 

8.  54893 

8.662230 

8. 801891 

8.  7297 

3i^ 

39 

8.  54781 

8.  59301 

B.  4968 

8.  3876 

8.  8853 

39 

.40' 

8.  65776 

8.  636^5 

8.  7689 

8-  5851 

8'9i04o4 

40 

41 

8.  76500 

8.  67985 

8.670393 

8.  7819 

8.  1949 

41 

r 

dZ 

8.  §6965 

8.  72263 

8.  3080 

8.  9777 

8*  3488 

42 

43 

8.  97183 

8,  76498 

8.  5751 

8.811726 

8.  5022 

43 

8  44 

8. '107 167' 

8.  80693 

B.  8405 

8.  3667 

8.  655© 

44 

1 

j  55 

8.  16.926 

8.  84848 

8.681043^ 

8.  5598 

8.  8073 

45 

i  46 

8.  26471 

8.  88963 

8.  3665 

8.  7522 

8.  9591 

46 

1  "47 

8.  35810 

8.  93040 

8.  6272 

8.  9436- 

8.921103 

47 

D  T*' 

4B 

8.  44P53 

8.  97078 

8.  8862 

8*821342 

8.  2610 

•'48 

49 

8.  55907 

-B. 501080 

8.691438 

8.  3240 

S.  4112 

H9 

50 

8.  62^81 

8.  •o<.-o45 

8.  -3998 

8.  5130 

8.  5609 

:5o  ^ 

5  I 

8.  712B0 

8.  08974 

8.  '6543 

8-  7011 

8.  7100 

51 

^52 

S.  79713 

8.  12867 

S.  9073 

8.  8.884 

8.  8587 

52 

53 

8.  87985 

3.  16716 

8.701589 

8.830749 

8.930068 

53 

54 

8.  96102 

8.  20551 

8.  4090 

8.  2607 

8.  1544 

$4 

55 

8.104070 

8.  24343 

8.  6577 

8.  4456 

8.  3015 

55 

c,5 

8.  11895 

8.  28102 

8.  9049 

8.  6297 

8.  4481 

56 

J 

57 

8.  19581. 

8.  31828 

8.711507 

8.  ‘8130 

8.  5942 

57 

58 

8,  ^^7133 

8.  35523 

■ij.  9952- 

8.  9956 

8.  7398 

58 

y 

I  <^0 

8.  S4557' 

8.  ‘39186 

8  6383- 

8.8417114 

8.  885c 

59 

I  60 

8.  418^^5 

8.  42819 

8.  880Q 

8.  3584 

8.940296 

60 

yf  Table  of  Logarithmic  Tangents, 

♦29 

Min. 

’  0  Deg. 

I  Deg.  1 

2  Deg, 

3  Deg. 

4 

Min, 

\2l 

7.785951 

8.372291 

8.613189 

8.767417 

8.881202 

21 

22 

7.806154 

8.  77622 

8.  6261 

8.  957S 

8.  2869 

22 

23 

7-  254^0 

8*  82889 

8.  9313 

8.771727 

8.  4530 

23 

24 

7*  43944 

8.  88092 

8,622343 

8.  3866 

8.  6185 

24,, 

7.  61674 

8.  93234 

8.  5352 

8.  5995 

8.  7833 

25  r 

26 

7.  78708 

8*  98315 

8.  8340 

8.  8114 

8.  9476 

26 '  ’ 

27 

7.  95099 

8.403338 

8*63 1308 

8.780222 

8.891112 

27" 

28 

7.910894 

8.  08304 

8.  4256 

8.  2320 

8.  2742 

28  ; 

29 

7.  26134 

8.  13213 

8.  7185 

8.  4io8 

8.  4366 

29  i 

30 

7.  408 5 S 

8.  1 8068 

8.640093 

8.  6486 

8,  5984 

30  ^  ' 

31 

7.  55100 

8.  22869 

8.  2982 

8.  8554 

8.  7596 

31 

32 

7.  68889 

8,  27618 

8.  5853 

8.790613 

8.  9203 

33 

7. 82253 

8.  32315 

8.  ^704 

8.  2662 

8.900803 

33- 

34 

7.  95219 

8.  36962 

8.651537 

8.  470 i 

^*  239B 

34 

35 

8*007809 

8,.  41560 

8.  4352 

§.  6731 

3.  3y87 

35  ' 

3<^ 

8.  20044 

8.  46110 

8.  71^ 

8.  8752 

d.  5570 

36 

37 

8.  31945 

8.  50613 

8.  9928 

8.800763 

8.  7147 

37 

38 

8,  43527 

8.  55070 

8662689 

8.  2765 

8,  8719 

38. 

39 

8.  54809 

8.  59481 

*•  543? 

8.  4758 

8. 9^^0285 

39' 

-40 

8.  65806 

8.  63849 

8.  8160 

8.  6742 

8.  1846 

40 

41 

8.  76531 

8,  68172 

S.670870 

8.  8717 

8.  3401 

"'41' 

42 

8.  86997 

8-  72453 

8.  3563 

8.  0683 

8.  4951 

42  ^ 

43 

8.  97217 

8.  76693 

8.  6239 

8.  2641 

8.  6495 

43 

44 

8.107202 

8.  80892 

S,  8900 

8.  4589 

8.  8034 

44  - 

45 

8.  169^3 

8.  85050 

8.68r  544 

8.  6529 

8.  9567 

4^ 

■46 

8.  26510 

8.  89170 

8.  4172 

8.  8461 

8.92  to96 

46 

47 

8.  3585 r 

8.  93250 

8.  6784 

8.820384 

8.  2619 

47 

48 

8.  44996 

8.  97293 

8.  9381 

8.  2,298 

8.  4136 

48  ' 

i  49 

8.  53952 

8.501298 

S. 691963 

8.  4205 

8.  5649 

49 

50 

8.  62727 

8.  05267 

8.  4529 

8.  6103 

8.  7156 

50  i 

51 

8.  71328 

8.  09200 

8.  7081 

8.  7992 

8.  8658 

5^ 

52 

8.  7976Z 

8.  13098 

8.  9617 

8.  9874. 

8.930155 

52 

5J 

8  88036 

8.  16961 

8.702139 

8.831748 

1647 

53 

54 

8,  96156 

8.  20790 

8*  4^46 

8.  3613 

8.  3154 

54 

55 

8.204126 

8.  24586 

8.  7139 

8.  5471 

8.  .^6i6 

55  : 

8.  11953 

8.  28349 

8.  9618 

8.  7321 

8.  609. 

56 

57 

8.  19641 

8.  32080 

8712083 

8.  9163 

8.  7565 

57. 

58 

8.  27195 

s.  35779 

8.  4554 

8.840998 

8.  9032 

58 

59 

8.  34621 

8.  39447 

8.  6972 

8.  2824 

8. 940494 

59 

60 1  8.  41921 

8.  43084 

8.  9396 

8,  4^44 

8.  1952 

60 

1 


^3P  Logarithmic  Sines ^  Degrees  5  5 

6,  7,  8,  9,  10,  11 

5  12. 

Logarithms 

— 1 

0 

I 

"  1 

3 

4 

5 

6 

7 

8 

9 

‘)-  0| 

8.94.0296 

1738 

5I74‘ 

4606 

6034 

74'6 

8874 

0287 

i6<^6 

3099 

lo 

95  4^.99 

5894 

7i84 

8670 

0052 

1429 

2801 

4170 

5534 

6893 

2o 

96  8249 

9600 

0947 

2289 

3^28 

4962 

6293 

7619 

8941 

0259 

90 

98->57? 

2883 

4189 

5491 

6789. 

8083 

9374 

0660 

1 943 

3222 

40 

99-4497 

576S 

7036 

8299 

9560 

o8i6 

2069 

33^8 

4563 

5805 

5  0 

9.^0.7040 

8278 

9_5io 

0737 

1926 

3182 

4400 

5613 

6824 

8031  : 

6.  0 

01  9235 

0435 

1652 

2b2  ^ 

4016 

5205 

6386 

7567 

8744 

9978 

^  10 

03 . 1  oS  9 

225-3 

342  1 

4582 

'•741 

6895 

8048 

9'97 

0342 

1485 

20 

04,26 1 5 

3762 

4895 

6026 

71541 

8279 

9400 

0319 

1635 

2748 

30 

o^.3859i49’^'^ 

2071 

7172 

8i7M 

9367 

0460 

1551 

2639 

3723 

40 

06.48C6 

,5885 

6962 

8036 

9107! 

0176 

1242 

2305 

3366 

4424 

50 

07.948o!6993 

75^3 

8631 

9676  ! 

0719 

1759 

2797 

3832 

4864 

7.  0 

08  5894I6922 

'947 

8970 

9990] 

1008 ! 2024 

3037 

4047 

5056 

10 

09.6061 

1/065 

8066 

9^65 

oc6 1 

10561 

^047 

3037 

4025 

5010 

2o 

JO. <992 

6973 

7951 

892  I 

9901 

0873 

1842 

2809 

3774 

4737 

30 

1 1. 569fc 

6656 

7611 

8566 

95 1910469 

1417 

2362 

3306 

4248 

40 

12.S  18 . 

6125 

7060 

7993 

8925 

078 1 

1706 

2630 

3551 

50 

M  4i70 

<38: 

6303 

7216 

8 1 27 
— 

9057 

99  H 

0830 

1754 

2655 

8.  0 

14.3SS5 

4453 

5  3  50 

6243 

713618026 

8915 

9801 

0686 

1569 

10 

IS. 2451 

3330 

4208 

5083 

5957 

6850 

7700 

8569 

9435 

0300 

20- 

16.1664 

■2025 

2885 

37+3 

4600 

5454 

6307 

7159 

8008 

8855 

30 

16-9702 

0546 

1389 

2250 

3070 

3908 

4744 

5578 

641 E 

7242 

40 

17.8072 

8900 

9726 

0551 

1374 

2196 

3016 

3834 

4651 

5466 

SO 

18.6280 

7092 

7903 

87  T  2 

95_i_9 

0325 

1 1 30 

^933 

2734 

3534 

9.  0 

'  19  4332 

5129 

5925 

6719 

7511 

^302 

9091 

9879 

0666 

1451 

10 

20  2234 

3017 

3797 

4577 

5  354 

6131 

6906 

7679 

8452 

9222 

2  0 

9992 

0759 

1526 

2291 

3055 

3818 

4579 

5338 

6097 

6854 

30 

11.7609 

8363 

91 16 1 9868 

0618 

'A'! 

1  f  15 

2861 

3606 

4349 

40 

22.5092 

5833 

6572|73i  1 

8448 

0784 

9518 

0252 

oq84 

1714 

50 

23  2444 

3172 

3H99  462.; 

5_349 

6073 

Aj 

7515 

8235 

8953 

10.  0 

9670 

0386 

1  lOl 

18.4125.6 

3247 

3947 

4656 

S363 

6069 

10 

24-6775 

7478 

8181 

6853 

,95-^3 

0282 

0980 

1677 

2375 

3067 

20 

2<  .3761 

445  3 

<144' 5834 

6523 

) 

7211 

7898 

8583 

9268 

9951 

90 

26.0633 

1314 

1994 

. -C73 

3351 

4017 

470. 

5377 

605  i 

6723 

40 

7591 

806 

8734 

9402 

0069 

0735 

1399 

206^ 

27  26 

3388 

SO 

27.4^94 !  4708 

58671 6024 

6681 

7337 

7991 

8644 

9297 

9948 

u,  0 

28.0599 

,1145 

1897 

-544 

3190 

3836 

4a8o 

5124 

5766 

64.08 

10 

70-18 

7687 

8326 

8964 

9^00 

0235 

0870 

1504 

2137 

2:68 

2o 

29.3399 

4029 

4658 

5286 

.  59^3 

6539 

7164 

7788 

841 1 

00^4 

30 

9655I0276 

0895 

1514 

i  2132 

2748 

3564 

-3979 

4593 

5207 

40 

30.581916430 

7041 

7650  5259 

88  67 

9474 

0080 

0685 

J  1  1 

1289  j 

50 

3 1.1893  524  5 

3097 

3698 

4-97 

48^6 

5495 

6092 

6688 

72S4 

12,  0 

7879*8473 

9766 

9653 

02^9 

0840 

i4.;o 

2019 

2607 

3^94  i 

10 

32.-37 -.o 

j4366 

4950 

5534 

6117 

6/00 

718  1 

7862 

8442 

9021 

20 

95  99 

10176 

0755 

1328 

1903 

2478 

3051 

3624 

4'9> 

4766 

30 

33-5337 

I$9o6 

4;75 

7043 

7610 

8176 

8742 

9306 

9871 

0434 

40 

34.0996 

11558 

2  I  19 

2679 

3239 

3797 

435  5 

4911 

5469 

6024 

so' 

6579 

7134 

7687 

8240 

S792 

9343 

9893 

0443 

0992 

I  HO 

Logarithmic  Tangents  Degrees. 

5> 

00 

9,  10, 

1 1 5  12,  Indeti  8,  c 

>•  *3' 

D  ‘ 

1  ° 

I 

2 

3 

5 

6 

7 

i  8 

1  ^ 

5.  0 

18.94.1952 

3404 

4852 

629s 

7734 

9108 

0597 

2021 

3.141 

!4'856 

10 

95  6267 

7673 

9075 

0473 

1866 

3254 

4^39' 

6019 

7394. 

8766 

20 

^7.0133 

1496 

2854- 

4209 

5')6q 

6906 

8248 

9586 

C920 

2251 

30 

93.3577 

4893 

6217 

7532 

8042 

0149 

1451 

2750 

4045 

5337 

40 

99. 6624 

7909 

91 88 

0465 

i737 

3007 

4272 

55'4!6.92 

8047' 

50 

9.00. 9298 

0546 

1790 

3031 

4268 

5502 

6732 

7959 

9183 

04.03 

6.  0 

02  1620 

2834 

4044 

5251 

6-155 

7655 

8852 

C046 

12  $7 

2425 

10 

03.3606 

479* 

5969 

7144 

83  16 

9485 

06  s  I 

1813 

2973 

4130 

20 

04  5284 

6434 

7582 

8727 

9869 

IC08 

2144 

3277 

4407 

5)35 

30 

05.6659 

778i 

8900 

0016 

1 1 30 

2240 

3348 

4453 

55  >4 

40 

c6  7752 

8846 

9938 

1027 

zi  13 

3*97 

4278 

5356 

6432 

750s 

50 

07.8576 

9644 

07 10 

*773 

2833 

3891 

4947 

60C0 

7050 

8098 

7.  0 

08  9144 

oig7 

1228 

2266 

3302 

4335 

5367 

6495 

7422 

8446 

10 

09.9468 

0487 

1504 

2519 

3532 

4542 

5550 

6556 

755918560 

20 

10.9.59 

0556 

*551 

2543 

3533 

4521 

5507 

6491 

7474 

8452 

30 

1 1  9429 

0404 

*377 

2348 

5317 

41^84 

5249 

62  1 1 

7172 

8130 

,  40 

12  9086 

CO4I 

0993 

1944 

2893 

3859 

4783 

5726 

6666 

76  5  ' 

50 

'3-8‘;42 

9476 

0409 

1340 

2209 

3*96 

4r.i 

SO44 

5965 

6885. 

8,  0 

14.7802 

8718 

9632 

0544 

1454 

2363 

3269 

4*7* 

5077 

5978 

^  lo 

156877 

7775 

8671 

9555 

0457 

*347 

223© 

5I23 

4008 

4892 

20 

5774 

6654 

7532 

8409 

9284 

0157 

1029 

1899 

2767 

3634 

30 

17.4499 

5362 

6224 

7084 

7942 

8799 

9655 

0508 

1360 

2211 

40 

18.3059 

9907 

4752 

55^6 

6439 

7. .80 

8119 

8957 

9794 

0629 

5o 

!  9.  1462 

22^ 

3124 

3953 

4/8o 

5606 

6430 

72c:  3 

"074 

, 

9.  0 

9712 

0529 

*345 

2159 

2971 

37-^2 

4592 1 54-0 

6207 

7012 

10 

20.7816 

8619 

9420 

0220 

loi  8 

i  8 1 5 

2611 

9-105 

4‘9'< 

4989 

20 

21.5  779 

656b 

7356 

8141 

8926 

9710 

0492 

,*272 

2052 

2830 

30 

22.3606 

4382 

5*56 

5929 

6700 

747* 

8259 

9007 

-9773 

o?39: 

40 

23.1^02 

.2065 

2826 

3586 

4345 

5103 

5859  6614 

7368 

8120 

50 

8871 

9622 

037* 

1118 

1805 

2610 

33-^4 

4097 

4839 

5579 

10  0 

24  63 19 

7057 

7794 

85  >0 

9264 

9998 

0730 

J461 

2191 

29' 0! 

10 

25.3648 

4374 

5  ICO 

5824 

6547 

7269 

7990 

8710 

9418 

01461 

2o 

26.0862 

1578 

2291 

5005 

371; 

4428 

5138 

5847 

6555 

7261  j 

3c 

7967 

8671 

9375 

C077 

0779 

1479 

^178 

2876 

3573 

4269 

40 

27.4964 

5658 

6351 

7043 

7734 

8424 

9113 

9801 

0489 

f  *74 

28.i8<;8 

254^ 

3225 

3907 

45  88 

5268 

5  947 

6624 

23  I 

7977 

It.  0 

8652 

9326 

9999 

0671 

1342 

2013 

268z 

3350 

4017 

4684 

10 

29.5949 

6013 

6677 

7339 

8001 

8662 

9322 

9980 

0638 

*295 

.  20 

30.1951 

2607 

3261 

39*4 

45^7 

5218 

58<5c) 

4519 

7167 

7815 

30 

8463 

9109 

9754 

0398 

1042 

1685 

2327 

2947 

3608 

4247 

40 

31.4885 

5523 

6159 

6795 

7430 

8064 

8697 

9329 

9961 

os  92 

50 

32.1222 

185 1 

2479 

3106 

3738 

4358 

4983 

5607 

62^0 

€3)3 

12.  0 

7474 

8095 

8715 

9334 
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Deg. 

ISrH*  I5> 

16, 17, 18, 

19,  20.  Index  9* 

D  'i 

0  1. 

1 

2 

4 

5 

6 

7 

8 

9 

1  1  2.  O  ctr.20S8 

2635 

3181 

3726 

4271 

4815 

5358 

5901 

65.43 

6984 

1  lO| 

7  c  24  18064 

8603 

9141 

9678 

0215 

0751 

1287 

1 822 

2356 

1  20  ^6.2889 

3422 

3954 

4435 

5016 

5541^ 

6073 

6604 

7*31 

7659 

30. 

818c 

871  I 

9236 

9761 

0285 

0808 

1330 

1852 

2373 

2894 

1  40 

^7.c^4i4!3933 

4452 

4970 

54S7 

6003 

6:;i9 

7035 

7549 

8063 

1  ^°i 

81(76  ,9089 

9601 

0113 

0524 

1643 

21 52 

2660 

3168 

1  H  ^  j 

41SI 

4687 

5192 

5<^97 

6201 

6704 

7207 

7709 

8210 

1 

871  I 

9211 

9711 

02  ro 

0708 

1 206 

1703 

2199 

2693 

3190 

1  20  ’ 

39.3685 

4179 

4673 

5  166 

565* 

6130 

6641 

7^31 

7621 

81 1 1 

5°i 

8600 

9088 

9575 

0062 

0549 

1035 

1520 

2005 

2489 

2972 

}  4^ 

40.34^  q 

3938 

4420 

4901 

5381 

5862 

6341 

6820 

7299 

7777 

8234 

8731 

9207 

9682 

0157 

0632 

1 106 

>579 

2052 

2524 

— 

1  1 5 .  0 

41.2996 

3467 

393^^ 

4408 

4878 

5  345 

5815 

6283 

6751 

7217 

7684 

8149 

8615 

9079 

95  44 

0007 

0470 

0933 

1395 

1857 

j  20' 

42.23 1 8 

2778 

3238 

3697 

4156 

4615 

5073 

5530 

5987 

6443 

30 

6809 

7354 

7809 

8265 

S717 

9170 

9623 

0075 

0526 

0978 

1 

43.1429 

1879 

2328 

2778 

3226 

3675 

4122 

4569 

5016 

5462 

50 

5908 

0353 

6798 

7^42 

7685 

8129 

8372 

9014 

9456 

9897 

j  16.  0 

44.0330 

077  S 

1218 

1558 

2095 

2535 

2973 

3410 

3847 

4284 

1 

4720 

5155 

5590 

6025 

5459 

689^ 

7326 

7759 

8191 

8623 

j  20 

9054 

9483 

9915 

0345 

0775 

1204 

1632 

2060 

2488 

2915 

30 

45*3342 

3768 

4194 

4619 

5044 

5469 

5893 

6316 

6739 

7162 

40 

,  7584 

8066 

8427 

8848 

926S 

9688 

0108 

0526 

0945 

1364 

50 

46. 1782 

zig^ 

2616 

3031 

3448 

3864 

4279 

4694 

5108 

5522 

1 1 7.  0 

5935 

6548 

6761 

7173 

7585 

7997 

8407 

88r7 

9227 

9637 

1  10 

47.0046 

04^5 

0863 

1271 

1678 

2086 

2492. 

2898 

3304 

3710 

1  20 

4115 

4519 

4923 

5327 

573c> 

6133 

6536 

6938 

7340 

774* 

30 

8142 

8542 

8942 

9342 

9741 

0140 

^538 

C937 

^334 

i73i 

40 

48  2128 

2525 

.  z' 

2921 

^8i6 

3712 

4107 

4501 

4895 

5289 

5682 

_ ^5^ 

^  ^o75_ 

6467 

—12 

7251 

7643 

8033 

8424 

8814 

9204 

9593 

j  18.  0 

9982 

0371 

^  Z’ 

°759 

.  Z'  ^ 

1147 

1922 

2308 

2695 

3081 

3466 

1  10 

20 

30 

49.385 1 
7682 
50.1476 

4230 

806c; 

185I 

4020 

8444 

2231 

5005 

8824 

2607 

5333 

9204 

2984 

5772 

9584 

3340 

6154 

9963 

3735 

6537 

0342 

4110 

6919 

0721 

4485 

7301 

1099 

4860 

50 

5234 

8956 

5008 

9326 

5981 

9696 

6554 

0065 

5727 

3434 

7099 

0803 

7471 

1 172 

7843 

1540 

8214 

1907 

8585 

2275 

19.  0 

51.2642 

3009 

3375 

3741 

4*07 

4472 

4^37 

1(202 

5566 

5930 

10 

6294 

6657 

7020 

7382 

7745 

8107 

8468 

8829 

9190 

955* 

20 

99" 

0271 

0631 

0990 

1349 

1707 

2066 

2423 

2781 

3138 

3c> 

52.3495 

3852 

4208 

4564 

4920 

5275 

5630 

5984 

6339 

6^93 

40 

7046 

7400 

7753 

8105 

845s 

8810 

9161 

95^3 

q864 

0215 

50 

^,0565 

0915 

1265 

1^14 

1963 

2312 

1  2661 

3009 

3357 

3704 

20  0 

4052 

4399 

4745 

5091 

5437 

5783 

6129 

6474 

6818 

716^ 

lO 

7507 

7851 

8194 

8337 

8880 

9223 

9565 

9907 

0249 

0590  [ 

20 

34.0931 

1272 

1613 

1953 

2293 

2632 

2971 

13310 

3649 

3987  . 

30 

4325 

4663 

500' 

'338 

5674 

6011 

6347 

1  6683 

7019:7354. 

40 

7689 

8024 

835^ 

8693 

9026 

936c 

>  9693 

1  0026 

o3:(g'o6qi 
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Log. 

Tangents. 

Deg. 
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19,  20.  /«.'  9. 
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1*34  Logar,  Sines,  Deg,  21,22,  23,24,  25,26,27^28.  In,  9. 
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^3^  Logar,  Sines,  Deg.  29,  30,  31,  32,  33,  34,  35,  36.  In.  9. 
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Logar.  Tangents,  Deg.  29,  30,  31,  32,  33,  34,  35,  36.  In.  9.  «3y( 
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*3^  Logar.  Sines ^  Deg.  37 >  38,  39,  40,  41 

9  4^9 

43,  44.  Index  9. 
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Neatly  printed^  in  ^  Voh,  iimo.  Frice  hound  in  Calf,  12  S* 

Embellifhed  with  near  100  Copper-Plates^  curioufly  engraved 

by  the  beft  Mailers. 

Tranfiated  ffom  the  French ^  by  fohn  Kelly ^  Efq;  of  the  Innef  \ 
F’emple ;  Dr  Bellamy  of  St  JohrCs  College^  Oxford ;  and  y* 
Sparrow Surgeon  and  Mathematician. 

^ATURE  DELINEATED  :  Being  Philofophlcal 
Converfatlons,  wherein  the  wonderful  Works  of  Provi-^ 
dencc,  in  the  Animal,  Vegetable  and  Mineral  Creation  are  laid 
open,  the  Solar  and  Planetary  Syllem,  and  whatever  is  curious 
in  the  Methematicks  explained,  The  Whole  being  a  Com  pleat 
Courfe  of  Natural  and  Experimental  Philofophy,  calculated  fot 
the  Inftru£lion  of  Youth,  in  order  to  prepare  them  for  an  early 
Knowledge  of  Natural  Hiftory,  and  create  in  their  Minds  an  ex^ 
alted  Idea  of  the  Wifdom  of  the  Great  Creator. 

W ritten  by  way  of  Dialogue  to  render  the  Conception  more 
familiar  and  eafy.  With  a  particular  Table  of  Contents  to  each 
Volume. 

London:  Printed  for  J.  Hodges,  at  the  Looking-Glafs  on  London^Bridge, 


Where  likewife  may  be  had,  JuJl  Publified, 

dedicated  and  prefented  to  the  Hon,  Society  of  the  Inner  Femple^ 
(Price  bound  Two  Shillings  and  Six  Pence.) 

)^New  Treatile  of  Husbandry,  Gardening,  and  other  cu*^ 
rious  Matters  relating  to  Country  Affairs :  Containing, 
A  Plain  and  Pra^Iical  iVIethod  of  Improving  all  Sort  of  IVIeadow, 
Failure,  and  Arable  Land,  (3^c,  And  making  them  produce 
greater  Crops  of  all  Kinds,  and  at  much  lels  than  the  prelent  Ex¬ 
pence.  Under  the  following  Heads :  I.  Of  Wheat,  Rye,  Oats, 
Barley,  Peafe,  Beans,  and  all  other  Sorts  of  Grain,  II.  Tur¬ 
nips,  Carrots,  Buckwheat,  Clover,  Hemp,  Rape,  Flax  and 
Colefeed,  c^c,  .III.  Weld  or  Would,  Woad  or  Wade,  Mad¬ 
der  Saffron,  c^r.  IV.  Meadow,  Failure  Grounds,  and  the  dif¬ 
ferent  Manner  of  Feeding  Cattle  and  making  other  Improve¬ 
ments  agreeable  to  the  Soil  of  the  leveral  Counties  in  Great 
Britain.  V.  Hops,  Forell  and  Fruit  Trees,  Vine  and  Garden 
Plants  of  all  Sorts,  VI,  All  Kinds  of  Flowers,  Shrubs  in  gene¬ 
ral,  and  Greenhoufe  Plants.  VII.  A  Curious  Scheme  of  a  Farm, ' 
the  Annual  Expence  of  it,  and  its  Produce.  With  many  New, 
Ufeful,  and  Curious  Improvements,  never  before  publillied! 
The  Whole  founded  upon  many  Years  Experience.  By  Samuel 
Gent.  To  which  are  added,  Several  Letters  to  Mr 
Thomas  Livejngs,  concerning  his  Compound  Manure  for  Land, 
iome  Pradical  Obfervations  thereon; 
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^  '  H  E  Young  Mathematician’s  Companion :  Being  aCom- 
pleat  Tutor  to  the  Mathematicks ;  Whereby  the  Young 
‘Beginner  may  be  early  Inftru61:ed  ;  thofe  who  have  loft  the 
Opportunity  of  learning  in  their  Youth  may  with'  very  little 
Pains,  and  in  a  ftiort  Time  become  Proficients  in  this  delight¬ 
ful  and  InfttLKftive  Science,  and  fuch  whofe  Bufinefs  it  is  to 
teach,  r^QQWQUfefulJfft/ieince,  Containing,  I.  Vulgar 
and  Decimal  Arithinetick,  Extra<5tiorv  of  Roots^  by  Natural 
Numbers,  and  by  Logarithms.  If.  Deferipton  and  Ufe  of 
the  Seefor,  with  the  nioft  ufeful  Definitions,  Theorems,  and 
Problems  in  Geometry',  III.  Plain  and  Spherical  Trigonome¬ 
try,  Aftrohomy,  Dyaliing,  and  Surveying  of  Land.  IV.  Curious 
Difeourfes,  calculated  to  render  a  Practical  Knowledge  of  the 
Mathematicks  more  eafy  and  faniiliar.  The  Whole  In- 
terfperled  with  delightful  and  ufeful  Queftions,  and  adorned 
with  proper  Schemes  in  order  to  excite  the  Curiofity,  and 
form  the  Minds  of  Youth.  By  Charles  LeadbetUr^  Teacher 
of  the  Mathematicks. 
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LO  N  D  O  N :  Printed  for  J.  Hodges,  at  the  Looking-’ 
Glafs  on  London- Bridge,  (Price  bound  is,  6  d.) 

Where  likewife  may  be  bad^ 

Neatly  printed  in  Odtavo,  Price  bound  in  Calf  6 

(  Founded  on  a  Plan  of  the  late  Mr  Addifoii,  ) 

ImheUijPd  with  a  large  Variety  of  Curious  Cuts^  drawn  and 
engraven  by  the  bejl  Majiers, 

A  Phllofophical  Account  of  the  Works  of  Nature:  Con- 
taining:,  I.  The  feveral  Gradations  remarkable  in  th« 
Mineral,  Vegetable,  and  Animal  Parts  of  the  Creation  ; 
tending  to  the  Compofition  of  a  Scale  of  Life.  II.  A  Re- 
prefentation  of  the  prefent  State  of  Gardening  throughout 
Europe  in  general,  and  Great  Britain  in  particular.  III.  New 
Experiment  relating  to  the  Improvements  of  Barren  Grounds, 
'Limber-trees,  Fruit-trees,  Vines,  Sallads,  Pulfe,  and  all 
Kinds  of  Grain.  IV.  Obfervations  on  the  Husbandry  of 
Flandkrs,,  in  fowing  Flax,  whereby  Land  may  be  advanced 
Cent.  Cent.  Jjy  R,  Bradley^  F.  R.  S.  Profellor  of  Bo¬ 
tany  in  the  Uaiverfity  of  Cambridge. 
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